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(57) ABSTRACT

A depth limiter that 1s configured to couple with a cannula
of a surgical access device. The depth limiter includes first
and second user contact portions and first and second biasing
features. The first biasing feature includes a first resilient
portion and a first gripping surface. The second biasing
feature 1ncludes a second resilient portion and a second
gripping surface. The first and second resilient portions are
configured to move the respective first and second gripping
surfaces from a fixed configuration to a movable configu-
ration when the respective first and second user contact
portions are actuated. In the fixed configuration, the first and
second gripping surfaces collectively restrict axial move-
ment of the depth limiter by directly contacting the cannula.
In the movable configuration, the first and second gripping

(Continued)




US 11,633,211 B2
Page 2

surfaces extend parallel to a longitudinal axis and allow for

axial movement of the depth limiter relative to the cannula.

(56)

20 Claims, 34 Drawing Sheets
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PINCH TO RELEASE CANNULA DEPTH
LIMITER

PRIORITY

This application claims priority to Indian Provisional Pat.
App. No. 202011018670, entitled “Pinch-to-Release Can-
nula Depth Limiter,” filed on May 1, 2020.

BACKGROUND

Some surgical procedures may require a clinician to
access a surgical site via the abdominal cavity of a patient.
To gain such access, an opening 1s first formed through the
abdominal wall tissue overlying the abdominal cavity. In
some surgical procedures (referred to as “laparoscopic” or
“endoscopic” surgeries), a relatively small opening 1s made
through the abdominal wall tissue, and the surgical site 1s
then accessed with elongate mstruments nserted through an
access device generally referred to as a “trocar” positioned
within the openming. Traditional trocars generally include a
cannula assembly and an obturator that 1s removably
received within a working channel of the cannula assembly.
In use, the obturator 1s mated with the cannula assembly, and
the combined structure (1.e., the trocar) 1s directed by a
climcian downwardly through the abdominal wall of the
patient such that the distal ends of the obturator and the
cannula assembly extend into the abdominal cavity. The
clinician then withdraws the obturator from the cannula
assembly so that surgical instruments may be directed down-
wardly through the working channel of the cannula assem-
bly to access the surgical site.

Merely exemplary versions of trocars, components

thereol, and other varieties of surgical access devices are
disclosed 1n U.S. Pat. No. 7,981,092, enftitled “Vibratory

Trocar,” 1ssued Jul. 19, 2011; U.S. Pat. No. 8,226,553,
entitled “Access Device with Insert,” 1ssued on Jul. 24,
2012; U.S. Pat. No. 8,251,900, enfitled “Surgical Access
Devices and Methods Providing Seal Movement in Pre-
defined Paths,” i1ssued on Aug. 28, 2012; U.S. Pat. No.
8,579,807, entitled “Absorbing Fluids 1n a Surgical Access
Device,” 1ssued on Nov. 12, 2013; U.S. Pat. No. 8,568,362,
entitled “Surgical Access Device with Sorbents,” 1ssued on
Oct. 29, 2013; U.S. Pat. No. 8,636,686, entitled “Surgical
Access Device,” 1ssued on Jan. 28, 2014:; U.S. Pat. No.
8,690,831, entitled “Gas Jet Fluid Removal in a Trocar,”
issued on Apr. 8, 2014; and U.S. Pat. Pub. No. 2019/
0000496, entitled “Method of Suturing a Trocar Path Inci-
sion,” published Jan. 3, 2019, 1ssued as U.S. Pat. No.
11,389,192 on Jul. 19, 2022. The disclosure of each of the
above-cited U.S. Patents and Publications 1s incorporated by
reference herein.

While various kinds of surgical instruments, including
surgical access devices and end eflfectors, and other associ-
ated components have been made and used, 1t 1s believed
that no one prior to the mventor(s) has made or used the
invention described 1n the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, 1llustrate embodi-
ments ol the invention, and, together with the general
description of the mvention given above, and the detailed
description of the embodiments given below, serve to
explain the principles of the present ivention.
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2

FIG. 1 depicts a perspective view ol an exemplary trocar
having a cannula assembly and an obturator shown in an
assembled state;

FIG. 2 depicts a side elevational view of the cannula
assembly and the obturator of FIG. 1 1n a disassembled state;

FIG. 3A depicts a side sectional view of the trocar of FIG.
1 being manipulated by a clinician through tissue layers of
an abdominal wall;

FIG. 3B depicts an enlarged side sectional view of the
trocar of FI1G. 1, showing a distal end of the trocar recerved
within the abdominal cavity of FIG. 3A;

FIG. 3C depicts a side sectional view of the cannula
assembly of FIG. 1, showing the cannula assembly remain-
ing positioned within the abdominal wall of FIG. 3A fol-
lowing detachment and removal of the obturator;

FIG. 3D depicts a side sectional view of the cannula
assembly of FIG. 1 being withdrawn proximally from the
abdominal wall of FIG. 3A;

FIG. 4 depicts a perspective view of another exemplary
trocar having a cannula assembly and an obturator shown in
an assembled state, where the cannula assembly includes a
cannula tube;

FIG. 5 depicts a perspective view of the cannula assembly
and the obturator of FIG. 4 in a disassembled state, showing
a reusable cannula and a disposable seal assembly of the
cannula assembly separated from one another, and showing
the obturator in an exploded state;

FIG. 6 depicts a perspective view of the trocar of FIG. 4
and a first exemplary depth limiter, where the depth limiter
1s 1n a fixed configuration that restricts axial movement of
the depth limiter relative to the cannula tube of the cannula
assembly of the trocar;

FIG. 7 depicts a perspective view of the depth limaiter of
FIG. 6, with engagement features shown in phantom;

FIG. 8A depicts a top plan view of the depth limiter of
FIG. 7 and the cannula tube of FIG. 6 shown in cross-
section, where an upper housing portion of the depth limiter
1s removed to show the depth limiter in a movable configu-
ration allowing for axial movement of the depth limiter
relative to the cannula tube when actuated by a user;

FIG. 8B depicts a top plan view of the depth limiter and
the cannula tube of FIG. 8A, but with the depth limiter in the
fixed configuration of FIG. 6;

FIG. 9 depicts a cross-sectional view of the depth limaiter
of FIG. 7 taken along line 9-9 of FIG. 7;

FIG. 10 depicts an exploded view of the depth limiter of
FIG. 7;

FIG. 11 depicts a perspective view of a second exemplary
depth limaiter;

FIG. 12A depicts a top plan view of the depth limiter of
FIG. 11 coupled with the cannula tube of FIG. 5 which 1s
shown 1n cross-section, where an upper housing portion of
the depth limiter 1s removed to show the depth limiter 1n a
movable configuration allowing for axial movement of the
depth limiter relative to the cannula tube when actuated by
a user;

FIG. 12B depicts a top plan view of the depth limiter and
cannula tube of FIG. 12A, but with the depth limiter 1n a
fixed configuration that restricts axial movement of the
depth limiter relative to the cannula tube;

FIG. 13 depicts an exploded view of the depth limiter of
FIG. 11;

FIG. 14 depicts a perspective view ol another exemplary
cannula coupled with a third exemplary depth limiter, where
the depth limiter 1s 1n a fixed configuration that restricts axial
movement of the depth limiter relative to a cannula tube of
the cannula;
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FIG. 15 depicts a perspective view of the depth limiter of
FIG. 14;

FIG. 16A depicts a top plan view of the depth limiter and
the cannula tube of FIG. 14 with the cannula tube being
shown 1n cross-section, where the depth limiter 1s 1 a
movable configuration allowing for axial movement of the
depth limiter relative to the cannula tube when actuated by
a user;

FIG. 16B depicts a top plan view of the depth limiter and
the cannula tube of FIG. 16A, but with the depth limiter in
the fixed configuration of FIG. 14;

FIG. 17 depicts a perspective view of a fourth exemplary
depth limiter;

FIG. 18A depicts a top plan view of the depth limiter of
FIG. 17 coupled with the cannula tube of FIG. 6 that is
shown 1n cross-section, where the depth limiter 1s 1 a
movable configuration that allows for axial movement of the
depth limiter relative to the cannula tube when actuated by
a user;

FIG. 18B depicts a top plan view of the depth limiter and
the cannula tube of FIG. 18A, but with the depth limiter in
a fixed configuration that restricts axial movement of the
depth limiter relative to the cannula tube;

FIG. 19 depicts a perspective view of another exemplary
cannula coupled with a fifth exemplary depth limiter, where
the depth limaiter 1s 1n a fixed configuration that restricts axial
movement of the depth limiter relative to a cannula tube of
the cannula;

FIG. 20 depicts a perspective view of the depth limiter of
FIG. 19;

FIG. 21 depicts a side elevational view of the depth
limiter of FIG. 20;

FIG. 22A depicts a top plan view of the depth limiter and
the cannula tube of FIG. 20 with the cannula tube being
shown 1n cross-section, where the depth limiter 1s 1 a
movable configuration that allows for axial movement of the
depth limiter relative to the cannula tube when actuated by
a user;

FI1G. 22B depicts a top plan view of the depth limiter and
cannula tube of FIG. 22A, but with the depth limiter 1n a
fixed configuration of FIG. 19;

FIG. 23 depicts a perspective view of a sixth exemplary
depth limiter;

FIG. 24 depicts a top plan view of the depth limiter of
FIG. 23, with the housing being shown in phantom to expose
biasing features;

FIG. 25A depicts a side partial cross-sectional view of the
depth limiter of FIG. 23 coupled with the cannula tube of
FIG. 5, where the depth limiter 1s 1n a movable configuration
that allows for axial movement of the depth limiter relative
to the cannula tube when actuated by a user;

FIG. 25B depicts a side partial cross-sectional plan view
of the depth limiter and the cannula tube of FIG. 25A, but
with the depth limiter 1n a fixed configuration that restricts
axial movement of the depth limiter relative to the cannula
tube;

FIG. 26 depicts a perspective view of a seventh exemplary
depth limiter;

FIG. 27A depicts a top plan view of the depth limiter of
FIG. 26 coupled with the cannula tube of FIG. 6 shown 1n
cross-section, where an upper housing portion of the depth
limiter 1s partially removed to show the depth limiter 1n a
movable configuration allowing for axial movement of the
depth limiter relative to the cannula tube when actuated by
a user;

FI1G. 27B depicts a top plan view of the depth limiter and
the cannula tube of FIG. 27A, but with the depth limiter in
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a fixed configuration that restricts axial movement of the
depth limiter relative to the cannula tube;

FIG. 28 depicts an exploded view of the depth limiter of
FIG. 26;

FIG. 29 depicts a perspective view of an eighth exemplary
depth limaiter;

FIG. 30 depicts a partial top sectional view of the depth
limiter of FIG. 30 and a cannula tube having a first diameter,
where a housing of the depth limiter 1s partially removed to
expose a biasing feature, a slot, and a slidable member,
where the cannula tube 1s positioned between apertures of
the housing and the slidable member 1n a fixed configuration
that restricts axial movement of the depth limiter relative to
the cannula tube;

FIG. 31A depicts a partial top sectional view of the depth
limiter of FIG. 29 coupled with a cannula tube having a
second diameter shown 1n cross-section, where the depth
limiter 1s 1n a movable configuration that allows for axial
movement of the depth limiter relative to the cannula tube
when actuated by a user;

FIG. 31B depicts a top plan view of the depth limiter and
the cannula tube of FIG. 31A with the cannula tube shown
in cross-section, but with the depth limiter 1n the fixed
configuration similar to FIG. 30;

FIG. 32 depicts a perspective view of a ninth exemplary
depth limiter that includes four legs;

FIG. 33 A depicts a partial side sectional view of the depth
limiter of FIG. 32 coupled with the cannula tube of the
cannula assembly of the trocar of FIG. 1, where the legs of
the depth limiter are in a non-deployed configuration when
the distal end of the trocar received within the abdominal
cavity;

FIG. 33B depicts a partial side sectional view of the depth
limiter of FIG. 32 coupled with the cannula tube of the
cannula assembly of FIG. 1 following detachment and
removal of the obturator, where the legs of the depth limiter
are 1n a deployed configuration with a distal end of the
cannula tube recerved within the abdominal cavity;

FIG. 34 depicts a perspective view of a tenth exemplary
depth limiter that includes two legs;

FIG. 35 depicts a perspective view of an eleventh exem-
plary depth limiter that includes three legs;

FIG. 36 depicts a perspective view of a twellth exemplary
depth limiter that includes a hub with notches;

FIG. 37A depicts a top plan view of the depth limiter of
FIG. 36 coupled with the cannula tube of the cannula
assembly of FIG. 5, where the hub of the depth limiter 1s 1n
a movable configuration;

FIG. 37B depicts a partial side sectional view of the depth
limiter of FIG. 36 coupled with the cannula tube of the
cannula assembly of FIG. 5 {following detachment and
removal of the obturator, where the legs of the depth limaiter
are 1 a fixed configuration;

FIG. 38 A depicts a partial side sectional view of the depth
limiter of FIG. 36 coupled with the cannula tube of the
cannula assembly of FIG. 5, where the legs of the depth
limiter are 1n a deployed configuration;

FIG. 38B depicts a partial side sectional view of the depth
limiter of FIG. 36 coupled with the cannula tube of the
cannula assembly of FIG. 5 {following detachment and
removal of the obturator, where the legs of the depth limiter
are 1n a deployed configuration; and

FIG. 39 depicts a top sectional view of a thirteenth
exemplary depth limiter that includes a fluid chamber and
four legs.

The drawings are not intended to be limiting in any way,
and 1t 1s contemplated that various embodiments of the
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invention may be carried out i a variety of other ways,
including those not necessarily depicted 1in the drawings.
The accompanying drawings incorporated 1n and forming a
part of the specification illustrate several aspects of the
present invention, and together with the description serve to
explain the principles of the invention; it being understood,

however, that this mvention 1s not limited to the precise
arrangements shown.

DETAILED DESCRIPTION

The following description of certain examples of the
invention should not be used to limit the scope of the present
invention. Other examples, features, aspects, embodiments,
and advantages of the mvention will become apparent to
those skilled 1n the art from the following description, which
1s by way of illustration, one of the best modes contemplated
for carrying out the invention. As will be realized, the
invention 1s capable of other different and obvious aspects,
all without departing from the invention. Accordingly, the
drawings and descriptions should be regarded as 1llustrative
in nature and not restrictive.

For clarity of disclosure, the terms “proximal” and *“dis-
tal” are defined herein relative to a surgeon, or other opera-
tor, grasping a surgical device. The term “proximal” refers
to the position of an element arranged closer to the surgeon,
and the term “distal” refers to the position of an element
arranged further away from the surgeon. Moreover, to the
extent that spatial terms such as “top,” “bottom,” “upper,”
“lower,” “vertical,” “horizontal,” or the like are used herein
with reference to the drawings, 1t will be appreciated that
such terms are used for exemplary description purposes only
and are not intended to be limiting or absolute. In that
regard, 1t will be understood that surgical instruments such
as those disclosed herein may be used i a variety of
orientations and positions not limited to those shown and
described herein.

Furthermore, the terms “about,” “approximately,” and the
like as used herein 1n connection with any numerical values
or ranges of values are itended to encompass the exact
value(s) referenced as well as a suitable tolerance that
enables the referenced feature or combination of features to
tfunction for the mtended purpose(s) described herein.

e Y

I. Exemplary Single-Use and Reusable Trocars

FIGS. 1-5 depict exemplary surgical access devices in the
form of a single-use first trocar (10) and a reusable second
trocar (110), each configured to provide surgical site access
in a laparoscopic surgical procedure. Each trocar (10, 110)
includes a cannula assembly (12, 112) having a working
channel (14, 114), and an obturator (16, 116) configured to
be removably inserted coaxially into the working channel
(14, 114) so that the assembled trocar (10, 110) may be
directed distally through the abdominal wall of a patient and

into the abdominal cavity, for example as described below 1n
connection with FIGS. 3A-3D.

A. Exemplary Single-Use Trocar

As shown 1n FIGS. 1-2, cannula assembly (12) of single-
use trocar (10) mcludes a cannula (20) and a seal housing
(30). Cannula (20) and seal housing (30) cooperate to define
working channel (14), which extends longitudinally along a
central axis (A) of trocar (10). In particular, working channel
(14) 1s defined by a lumen of cannula (20) in communication
with a hollow interior of seal housing (30). Cannula assem-
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bly (12) 1s configured to receive elongate surgical instru-
ments distally through working channel (14) to provide
access to surgical sites within the abdominal cavity of a
patient. As described in greater detail below, seal housing
(30) houses a pair of seal structures defining a seal assembly
configured to maintain insuiflation of the patient’s abdomi-
nal cavity while permitting passage of surgical instruments
and tissue fragments along working channel (14).

Cannula (20) of the present version may include a bell-
shaped hub (not shown) at a proximal end thereof, and an
clongate cylindrical tube (22) extending distally from the
hub and terminating at an angled cannula tip (24). An outer
surface of cannula tube (22) includes a plurality of tissue
oripping features 1n the form of annular ribs (26) arranged
axially along a medial portion of cannula tube (22). Ribs
(26) are configured to grip the layers of abdominal wall
tissue through which cannula (20) 1s 1nserted, and thereby
assist 1n stabilizing cannula (20) 1n axial and radial direc-
tions while cannula (20) i1s positioned within the opeming
formed in the abdominal wall of a patient.

More specifically, tissue gripping ribs (26) of the present
example are formed as annular scallops 1n the sidewall of
cannula tube (22) such that each rib (26) tapers radially
inwardly 1n a distal direction from a radially outermost edge
of the rib (26). The radially outermost edges of ribs (26) are
thus generally flush with the non-ribbed proximal and distal
portions of cannula tube (22). The resulting configuration of
ribs (26) promotes advancement of cannula tube (22)
through tissue layers 1n a distal direction and resists retrac-
tion of cannula tube (22) through the tissue layers 1 a
reverse, proximal direction. Advantageously, this configu-
ration protects against unintended withdrawal of cannula
tube (22) from the abdominal wall of patient during a
surgical procedure. It will be appreciated, however, that
cannula tube (22) may be provided with various other types
of tissue gripping features 1n other versions of trocar (10).
For instance, cannula tube (22) may include a tissue gripping
feature 1n the form of one or more helical ribs that extend
around at least a medial portion of cannula tube (22), and
which may be scalloped similar to ribs (26).

Seal housing (30) of cannula assembly (12) includes a
proximal housing portion (32) and a distal housing portion
(34) to which proximal housing portion (32) 1s removably
attached. Proximal housing portion (32) includes a proximal
head (36) and a distal base (38) secured together. Distal
housing portion (34) includes a distal shroud (40) that
encircles the proximal hub (not shown) of cannula (20), a
cap plate (42) secured to a proximal end of distal shroud
(40), and a latch ring (44) rotatably disposed therebetween
and having a radially outwardly projecting tab (46). Latch
ring (44) 1s selectively rotatable via tab (46) about the central
axis (A) of trocar (10) between a locked position and an
unlocked position. In the locked position, latch ring (44)
locks proximal housing portion (32) to distal housing por-
tion (34). In the unlocked position, latch ring (44) permits
separation of proximal housing portion (32) from distal
housing portion (34), for example to directly access a distal
seal structure (not shown) housed within distal housing
portion (34). In some versions, distal shroud (40) may be
formed 1ntegrally with the proximal end of cannula tube (22)
such that distal shroud (40) 1s a component of cannula (20).

Though not shown, proximal housing portion (32) houses
a proximal (or “outer”) seal structure, and distal housing
portion (34) houses a distal (or “inner”) seal structure, both
arranged along the central axis (A) of trocar (10). The
proximal and distal seal structures cooperate to define a seal
assembly that maintains msuillation of the patient’s abdomi-
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nal cavity during a surgical procedure while permitting
passage of surgical instruments and tissue fragments along,

working channel (14). For instance, the proximal seal struc-
ture may include an annular seal member configured to
sealingly engage the shait of a laparoscopic surgical instru-
ment directed through working channel (14). The distal seal
structure may include a duckbill seal member configured to
maintain working channel (14) in a sealed stated in the
absence of a surgical mstrument shatft.

Cannula assembly (12) further includes an insufilation
port (50) operatively coupled with the proximal end of
cannula (20) and having an adjustable valve in the form of
a stopcock (52). Insufllation port (50) 1s configured to direct
insufilation fluid, such as carbon dioxide, from a fluid source
(not shown) distally through working channel (14) and into
the patient’s abdominal cavity to thereby expand (or “insui-
flate”) the cavity with the fluid. This expansion of the
abdominal cavity creates additional space for performing a
laparoscopic surgical procedure with improved ease.

As shown 1 FIGS. 1 and 2, obturator (16) of trocar (10)
includes a proximal head (60), an elongate cylindrical shatt
(62) extending distally from head (60), and a tapered distal
tip (64). Obturator shait (62) 1s configured to be received
within working channel (14) of cannula assembly (12) such
that obturator tip (64) extends through and distally of
cannula tip (24). Obturator head (60) includes a domed
upper body (66), a base plate (68), and an actuatable latch
member (70), which includes a pair of latch arms (72) and
a corresponding pair of latch buttons (74). Latch arms (72)
are configured to be captured within respective slots (not
shown) formed 1n a top surface of seal housing head (36) to
couple obturator (16) with cannula assembly (12). Latch
buttons (74) are actuatable to release latch arms (72) from
the slots and thereby permit separation of obturator (16)
from cannula assembly (12). Obturator (16) further includes
a central passage (76) that extends longitudinally through
obturator head (60) and obturator shait (62), and 1s config-
ured to receive an endoscope (not shown) therein to provide
visualization during insertion of trocar (10) through the
abdominal wall of a patient. A clamp lever (78) of obturator
head (60) 1s pivotable to selectively fix the endoscope within
central passage (76). Central passage (76) and clamp lever
(78) are merely optional features and may be omitted from
obturator (16) in other versions.

Cannula assembly (12) and obturator (16) may be con-
structed to be disposed of after a single use with a patient.
In other versions, one or more components of trocar (10)
may be suitably constructed to withstand sterilization and

multiple reuses, for example as described 1n greater detail
below 1 connection with trocar (110) of FIGS. 4-5.

B. Exemplary Deployment of Trocar Into Patient
Abdominal Cavity

FIGS. 3A-3D illustrate an exemplary method of accessing,
an abdominal cavity (1) of a patient through the patient’s
abdominal wall (2) with trocar (10) described above. It will
be appreciated that abdominal wall (2) includes outward
superficial layers and inward deep layers. Superficial layers
generally include an outer layer of skin (3) and an mner layer
of fat (4); whereas the deeper layers include alternating
layers of muscle (5) and fascia (6), which are fibrous and
flexible with relatively higher tensile strength than the
superficial layers.

As shown 1n FIG. 3A, with obturator (16) received within
cannula assembly (12) and connected to seal housing (30),
a clinician manipulates trocar (10) via obturator head (60)
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and seal housing (30) to urge obturator tip (64) against skin
(3) and inward toward abdominal cavity (1) while rotating
trocar (10) back and forth. Continued imward urging of
trocar (10) further directs obturator tip (64) and cannula tip
(24) distally through the layers of fat (4) and fascia (5) and
into cavity (1), as shown 1n FIG. 3B. As discussed above,
this step may be facilitated with visualization provided by an
endoscope (not shown) mounted within obturator (16). Once
cannula (20) has reached a desired depth of insertion into
cavity (1), the climician releases obturator head (60) from
seal housing (30) via depression of latch buttons (74), and
then withdraws obturator (16) from proximally from cannula
assembly (12), as shown 1n FIG. 3C. This renders working
channel (14) of cannula assembly (12) free to receive
surgical imstruments distally therethrough for performing the
laparoscopic surgical procedure. As described above, tissue
engagement ribs (26) provided on cannula tube (22) grip the
layers of tissue (3, 4, 5) of abdominal wall (2), thus
providing cannula assembly (12) with at least a minimum
degree of stability relative to abdominal wall (2). Upon
completion of the laparoscopic surgical procedure, the cli-
nician grasps seal housing (30) and withdraws cannula

assembly (12) proximally from abdominal wall (2), as
shown 1n FIG. 3D.

C.

Exemplary Reusable Trocar Having Disposable
Seal Assembly

In some 1nstances, 1t may be desirable to configure a
trocar such that one or more components thereof may be
sterilized and reused for multiple surgical procedures, while
one or more other components may be easily and economi-
cally disposed of and replaced after each procedure. FIGS.
4-5 show another exemplary trocar (110) that i1s configured
in such a manner, and which i1s similar in structure and
function to trocar (10) described above except as otherwise
described below.

Similar to trocar (10), trocar (110) includes a cannula
assembly (112) having a working channel (114) and an
obturator (116) configured to be 1nserted into cannula assem-
bly (112) coaxially along working channel (114). Cannula
assembly (112) includes a cannula (120) having a bell-
shaped hub (122) at a proximal end thereof, and an elongate
cylindrical tube (124) extending distally from hub (122) and
terminating at an angled cannula tip (126). An outer surface
of cannula tube (124) includes a plurality of tissue gripping
features 1n the form of annular ribs (128) arranged axially
along a medial portion of cannula tube (124) and which are
similar to ribs (26) described above.

Cannula assembly (112) further includes a seal assembly
(130). Unlike the seal assembly defined by seal housing (30)
of trocar (10), seal assembly (130) i1s constructed as a
modular, replaceable unit configured to releasably mate with
proximal hub (122) of cannula (120). As shown best 1n FIG.
5, seal assembly (130) of the present example generally
includes an upper frame member (132), a middle frame
member (134), and a lower frame member (136) secured
relative to one another 1n a coaxial arrangement. Though not
shown, a proximal (or “outer”) seal structure i1s supported
within upper frame member (132), and a distal (or “inner™)
seal structure 1s supported within lower frame member
(136). Such seal structures may be similar 1n structure and
function to the proximal and distal seal structures of trocar
(10) described above. Seal assembly (130) further includes
an 1msuillation port (140) having an adjustable valve 1n the
form of a stopcock (142).
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A lower portion of seal assembly (130) distal to msutiila-
tion port (140) 1s configured to seat within proximal hub

(122) of cannula (120) such than an annular seal member
(144) disposed circumierentially about the lower portion
sealingly engages an 1nner surface of cannula hub (122). In
this manner, an interior of seal assembly (130) fluidly
communicates with a lumen of cannula (120) to define a
working channel (114) of cannula assembly (112) through
which insufllation fluid, surgical instruments, and tissue
fragments may be directed in the manners generally
described above 1n connection with trocar (10). Seal assem-
bly (130) may be further configured 1n accordance with one
or more teachings of U.S. Pat. Pub. No. 2019/0090905,
entitled “Trocar Seal Assemblies,” published Mar. 28, 2019,
1ssued as U.S. Pat. No. 10,792,069 on Oct. 6, 2020, the
disclosure of which i1s incorporated by reference herein;
and/or U.S. Pat. Pub. No. 2019/0380742, entitled “Asym-
metric Shaft Seal,” published Dec. 19, 2019, i1ssued as U.S.
Pat. No. 10,820,924 on Nov. 3, 2020, the disclosure of which
1s mcorporated by reference herein.

As shown best 1n FIG. 5, obturator (116) of trocar (110)
includes a proximal head (150), an elongate cylindrical shaft
(152) extending distally from head (150), and a tapered tip
(154) at a distal end of shaft (152). Obturator head (150)
includes a domed upper body (156), a base plate (158), and
an actuatable latch member (160), which includes a pair of
downwardly extending latch arms (162) and a corresponding
pair of latch buttons (164). Latch arms (162) are configured
to be captured within respective slots (138) formed 1n a top
surface of upper frame member (132) of seal assembly (130)
to couple obturator (116) with cannula assembly (112).
Latch buttons (164) are actuatable to release latch arms
(162) from slots (138) and thereby permit separation of
obturator (116) from cannula assembly (112).

Cannula (120) and obturator (116) of the present example
are suitably constructed of a robust material, such as surgical
steel, such that they may be sterilized and reused for
multiple surgical procedures. In contrast, as described
above, seal assembly (130) 1s constructed as a disposable
unit, intended to be separated from cannula (120) and
replaced after each procedure. For instance, seal assembly
(130) may be constructed of various polymeric materals,
including plastics and rubbers, such that seal assembly (130)
may be easily manufactured and sold at a price point that
renders seal assembly (130) suitable for disposal after a
single use, similar to trocar (10) described above.

11.

Exemplary Depth Limiters and Associated
Method

In some 1nstances, a clinician may desire to limit the depth
to which a single-use or reusable trocar (10, 110) may travel
into abdominal wall (2) (e.g., after insertion of trocar (10,
110) to a desired position). Limiting the depth to which
trocar (10, 110) may travel into abdominal wall (2) may
assist in preventing distal tip (64, 154) of obturator (16, 116)
and/or cannula tip (24, 126) of cannula assembly (12, 112)
from i1nadvertently entering deeper than desired nto
abdominal cavity (1). Preventing over insertion ol trocar
(10, 110) may reduce undesirable contact of distal tip (64,
154) and/or cannula tip (24, 126) with anatomical structures
contained within abdominal cavity (1).

Alternatively or 1n addition to limiting the depth to which
single-use or reusable trocar (10, 110) may travel into
abdominal wall (2), the clinician may desire to stabilize
trocar (10, 110) relative to abdominal wall (2) (e.g., after
insertion of trocar (10, 110) to a desired position in abdomi-
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nal cavity (1)). The clinician may stabilize trocar (10, 110)
relative to abdominal wall (2) by avoiding under insertion of

trocar (10, 110). Stabilizing trocar (10, 110) relative to
abdominal wall (2) after insertion mto abdominal wall (2)
may assist 1n preventing trocar (10, 110) from nadvertently
pivoting about the isertion point in abdominal wall (2) after
the clinician releases trocar (10, 110). Stabilizing trocar (10,
110) maintains cannula tip (24, 126), and thus, the entry
point of surgical instruments into abdominal cavity (1)) 1n a
desired position and/or orientation relative to abdominal
cavity (1).

As described above with reference to FIGS. 1-5, obtura-
tors (16, 116) may be configured to be removably coupled
with cannulas (20, 120) along a central axis (shown as trocar
central axis (A) i FIGS. 1-2) to facilitate msertion of the
surgical access device through a body cavity wall (shown as
abdominal wall (2)) of the patient. Cannulas (20, 120)

include working channels (14, 114) and tissue gripping
teatures (shown as ribs 26, 128). Working channels (14, 114)
are configured to guide a surgical mnstrument (not shown)
along a central axis of cannulas (20, 120). Tissue gripping
features are intended to include non-helical features (e.g.,
such as ridges and annular scallops) as well as helical
threads (e.g., overlapping or non-overlapping threads). The
tissue gripping features may extend along only a portion of
the length of cannula tube (124). As previously described,
ribs (26, 128) may be formed as annular scallops. Ribs (26,
128) may disposed along an outer surface of cannula (20,
120). As shown i FIGS. 3A-3D, nbs (26, 128) may be
coniigured to stabilize cannula (20, 120) relative to abdomi-
nal wall (2) of the patient when cannula (20, 120) 1s mnserted
distally through abdominal wall (2).

To reduce over msertion and/or under insertion or trocar
(10, 110), exemplary depth limiters (210, 310, 410, 510, 610,
710, 810, 910, 1010, 1110, 1210, 1310, 1410) may be
selectively coupled with cannula tube (22, 124, 416, 914) of
cannula (20, 120, 412, 912). Depth limiters (210, 310, 410,
510, 610, 710, 810, 910, 1010, 1110, 1210, 1310, 1410) are
described 1n detail below with reference to FIGS. 6-39, and
may be use alone or in combination with another depth
limaiter (210, 310, 410, 510, 610, 710, 810, 910, 1010, 1110,
1210, 1310, 1410) 1f desired. Depth limaters (210, 310, 410,
510, 610, 710, 810, 1010, 1110, 1210, 1310, 1410) may be
scaled to fit a vanety of diflerent sized cannula tubes,
including but not limited to those cannulas having a 5 mm
diameter, a 8 mm diameter, a 10 mm diameter, and a 15 mm
diameter.

Depth limaters (210, 310, 510, 610, 710, 810, 910, 1310,
1410) are shown with relation to trocar (110) of FIGS. 4-5.
Similarly, depth limiter (410) 1s shown with relation to
cannula (412) and cannula tube (416) of FIG. 14, and depth
limiter (610) 1s shown with relation to cannula (612) of and
cannula tube (616) FIG. 19. Additionally, depth limiters
(1010, 1110, 1210) are shown with relation to trocar (10),
cannula (20), and cannula tube (22) of FIGS. 1-3. However,
it 1s envisioned that depth limiters (210, 310, 410, 510, 610,
710, 810, 910, 1010, 1110, 1210, 1310, 1410) may be used
with a variety of other suitable trocars, cannula assemblies,
and obturator, including trocars (10, 110) cannula tubes (22,

124, 416, 914) of cannulas (20, 120, 412, 912).

A. First Exemplary Depth Limiter

FIGS. 6-10 show a first exemplary depth limiter (210)

with relation to a surgical access device (shown as trocar
(110)), which includes cannula assembly (112) and obturator
(116) as described above. Particularly, FIG. 6 shows a
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perspective view of trocar (110) of FIG. 4, where depth
limiter (210) 1s 1n a fixed configuration that restricts axial
movement (along a longitudinal axis (Al)) of depth limiter
(210) relative to cannula tube (124) of cannula assembly
(112). FIG. 7 shows a perspective view ol depth limiter
(210) as including a housing (212) that may create central
cavity (214). Housing (212) includes upper and lower hous-
ing portions (216, 218) that may be identical or different.
Depth limiter (210) includes a first biasing feature (shown a
ring member (220)) and a second biasing feature (shown as
a ring member (222)). For example, rnng members (220,
222) may be diametrically opposed spring members that
may be compressed toward one another to release from
cannula tube (124) as described below with reference to
FIGS. 8A-8B.

As shown 1 FIGS. 7-10, ring member (220) includes a
user contact portion (224), opposing biasing arms (226,
228), and a gripping member (230). Similarly, ring member
(222) may include a user contact portion (232), opposing
biasing arms (234, 236), and a gripping member (238).
Biasing arms (226, 228) of ring member (220) may form a
first resilient portion of ring member (220). Biasing arms
(234, 236) of ring member (222) may form a second resilient
portion of ring member (222). While FIGS. 8 A-8B and 10

show ring members (220, 222) as being identical;, ring

members (220, 222) may be different if desired. Biasing
arms (226, 228) of ring member (220) include apexes (240,
242) and bent back portions (244, 246) that are coupled with
gripping member (230). Similarly, biasing arms (234, 236)
of ring member (222) include apexes (248, 250) and bent
back portions (252, 254) that are coupled with gripping
member (238). Ring members (220, 222) may act as leaf
springs. As shown in FIGS. 8A-9, ring members (220, 222)
may be nested together.

FI1G. 9 shows a cross-sectional view of depth limiter (210)

of FIG. 7 taken along line 9-9 of FIG. 7, and FIG. 10 shows
an exploded view of depth limiter (210) of FIG. 7. As shown,
gripping member (230) of ring member (220) includes a
gripping surface (256). Similarly, gripping member (238) of
ring member (222) includes a gripping surface (238). As
shown, gripping surfaces (256, 258) extend parallel to
longitudinal axis (Al). Gripping surtaces (256, 258) may be
smooth or non-smooth. For example, a non-smooth surface
may 1include one or more features to lockingly engage
cannula tube (124). As shown in FIGS. 8A-10, gripping
surfaces (256, 258) may be smooth to frictionally engage
ribs (128) of cannula (120) in the fixed configuration and not
frictionally engage ribs (128) of cannula (120) 1n the mov-
able configuration. Alternatively, at least one of gripping
surfaces (256, 258) may include at least one tooth configured
to lockingly engage with at least one of r1b (128) of cannula
(120) 1n the fixed configuration and not lockingly engage
with rib (128) of cannula (120) 1n the movable configuration.
Particularly, FIG. 7 shows gripping surface (258) including
a plurality of engagement features (260) 1n phantom which
are optional. Engagement features (260) may be configured
to lockingly engage with ribs (128) disposed on an outer
surface of cannula tube (124) of cannula (120) in the fixed
configuration and not lockingly engage with ribs (128)
disposed on the outer surface of cannula tube (124) in the
movable configuration.

As shown 1n FIGS. 7-10, upper and lower housing por-
tions (216, 218) may surround biasing arms (226, 228) of

ring member (220, 222) and biasing arms (234, 236) of ring,
member (222). Upper and lower housing portions (216, 218)
may expose user contact portions (224, 232) and gripping
members (230, 238). As such, upper and lower housing
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portions (216, 218) may reduce or prevent the likelihood of
depth limiter (210) madvertently pinching the glove of a
user (e.g., a surgeon or another medical professional) and/or
reduce or prevent depth limiter (210) from pinching tissue of
the patient. As shown, user contact portions (224, 232) are
disposed circumierentially opposite one another (1.e., dia-
metrically opposed); however, other arrangements of user
contact portions (224, 232) are also envisioned.

Depth limiter (210) 1s movable by user (U) between a
movable configuration shown 1n FIG. 8A and a fixed con-
figuration shown in FIG. 8B. In other words, depth limiter
(210) may be selectlvely actuated from the fixed configu-
ration having a first effective diameter (ED1) to the movable
configuration having a second effective diameter (ED2) to
couple depth limiter (210) with cannula tube (124). Addi-
tionally, depth limiter (210) may be selectively actuated
again from the fixed configuration to the movable configu-
ration to decouple depth limiter (210) from cannula tube
(124). As shown, first effective diameter (ED1) 1s smaller
than second eflective diameter (ED2). FIG. 8A shows a top
plan view of depth limiter (210) of FIG. 7 with cannula tube
(124) of FIG. 6 being shown 1n cross-section. Upper housing,
portion (216) of depth limiter (210) 1s removed 1 FIGS.
8A-8B to reveal depth limiter (210) 1n the movable con-
figuration allowing for axial movement of depth limiter
(210) relative to cannula tube (124) when actuated by the
user.

Particularly, gripping surtface (256) 1s movably coupled
with biasing arms (226, 228) and gripping surface (258) 1s
movably coupled with biasing arms (234, 236) from the
fixed configuration to the movable configuration when
respective user contact portions (224, 232) are actuated by
user. For example, 1n the movable configuration of FIG. 8A,
gripping surfaces (256, 238) collectively form the second
cllective diameter (ED2) that allows for axial movement of
depth limiter (210) relative to an outer diameter of cannula
tube (124) of cannula (120). In other words, actuation of user
contact portions (224, 232) 1s configured to respectively
cause biasing arms (226, 228) of ring member (220) and
biasing arms (234, 236) of ring member (222) to move
oripping surfaces (256, 258) radially outward to selectively
engage and disengage cannula tube (124) of cannula (120)
while 1n the movable configuration.

For example, the user (U) may pinch two points (user
contact portions (224 232)) to increase the effective diam-
cter between opposing gripping surface (256, 258) of depth
limiter (210), and then release user contact portions (224,
232) to decrease the eflective diameter between opposing
gripping surface (256, 258) of depth limiter (210) in the
fixed configuration to fix or clamp depth limiter (210)
axially relative to cannula tube (124). As shown, user
contact portions (224, 232) are configured to be actuated by
the user (U) using thumb and index fingers. However, the
user (U) may depress user contact portions (224, 232) in
other ways (e.g., using one or more fingers and the palm). By
pinching outer surfaces (262, 264) of user contact portions
(224, 232), ring members (220, 222) slide and open up
opposing gripping surface (256, 258) for disengagement. In
the movable configuration, the virtual diameter defined by
opposing gripping surface (256, 258) 1s larger than that of
cannula tube (124), allowing for free movement of depth
limiter (210) to any user-specified depth along cannula tube
(124). As shown, gripping surface (256) 1s radially oflset
from the user contact portion (224) by approximately 180
degrees, and gripping surface (2358) 1s radially oflset from
the user contact portion (232) by approximately 180
degrees.
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FIG. 8B shows a top plan view of depth limiter (210) and
cannula tube (124) of cannula (120) of FIG. 8A, but with

depth limiter (210) 1n the fixed configuration of FIG. 6. The
user (U) may release gripping surfaces (256, 258) from FIG.
8 A from the outer surface of cannula tube (124), so that ring
members (220, 222) return to the fixed configuration. Grip-
ping surfaces (256, 258) may be disposed circumierentially
opposite one another and may be configured to directly
contact circumierentially opposite sides of cannula (120) n
the fixed configuration. In the fixed conﬁguratlon or1pping,
surfaces (256, 258) collectively form a first effective diam-
cter (ED1) that restricts axial movement of depth limiter
(210) relative to cannula (120) by directly contacting can-
nula (120). As shown, the first effective diameter (ED1)
defined by gripping surfaces (256, 258) 1s smaller than the
outer diameter cannula tube (124) when ring members (220,
222) are 1n the fixed configuration. The fixed configuration
may also be considered the resting configuration. As shown,
oripping surfaces (256, 258) do not completely (or entirely)
surround cannula tube (124) of cannula (120) in either the
fixed configuration or the movable configuration. Instead,
oripping surfaces (256, 258) are spaced apart from one
another 1n both of the fixed and movable configurations and
separated by gaps (266, 268). In the fixed configuration of
FIG. 8B, gripping surfaces (256, 258) are shown to grip less
than half of the circumierence of cannula tube (124) at
discrete regions; however, this may vary.

As shown i FIGS. 7-10, user contact portion (224) 1s
disposed between and fixably coupled to biasing arms (226,
228). In some versions, user contact portion (224) may be
integrally formed together as a unitary piece together with
biasing arms (226, 228). In some versions, gripping member
(230) may be mtegrally formed together as a unmitary piece
together with biasing arms (226, 228). Similarly, user con-
tact portion (232) 1s disposed between and fixably coupled
to biasing arms (234, 236). In some versions, user contact
portion (232) may be integrally formed together as a unitary
piece together with biasing arms (234, 236). In some ver-
sions, gripping member (238) may be integrally formed
together as a unitary piece together with biasing arms (234,
236).

Depth limiter (210) 1s shown to have a low-profile form.
Depth limiter (210) may nest onto proximal end of cannula
tube (124) for transport and/or storage. Depth limiter (210)
may include simple to operate pinch-to release controls.
Depth limiter (210) may be reusable or disposable. For
example, depth limiter (210) may be 1njection molded for a
disposable model. Alternatively, depth limiter (210) may be
and stamped, machined, and/or metal-injection molded for a
re-usable model. In some versions, depth limiter (210) may
be completely formed of metal. Depth limiter (210) may fit
robotic and laparoscopic instruments, which may provide
less medical waste for medical facilities (e.g., hospitals).

B. Second Exemplary Depth Limiter

FIGS. 11-13 show a second exemplary depth limiter (310)
which 1s configured to be used with trocar (10, 110) shown
and described with reference to FIGS. 1-5. Particularly, FIG.

11 shows a perspective view of depth limiter (310), and FIG.
13 shows an exploded view of depth limiter (310) of FIG.

11. As shown, depth limiter (310) includes a housing (312)
and a biasing feature (314). Housing (312) includes upper
and lower housing portions (316, 318) and user contact
portions (320, 322). As such, upper and lower housing
portions (316, 318) may be welded at the seam and may
reduce or prevent depth limiter (310) from pinching the
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glove of the user (U) and/or reduce or prevent depth limiter
(310) from pinching tissue of the patient. Upper and lower
housing portions (316, 318) are shown as being i1dentical.
However, upper and lower housing portions (316, 318) may
be different if desired. Upper housing portion (316) may
include a top wall (324), sides (326, 328), and inner walls
(330, 332). As shown, sides (326, 328) and mnner walls (330,
332) extend downwardly toward lower housing portion
(318).

Lower housing portion (318) may include a bottom wall
(334), sides (336, 338), and 1nner walls (340, 342). Sides
(336, 338) and 1nner walls (340, 342) may extend upwardly
toward upper housing portion (316). Top and bottom walls
(324, 334) are shown as being generally planer and opposing,
one another to collectively form a cavity (344) together with
inner walls (330, 332) of upper housing portion (316) and
mner walls (340, 342) of lower housing portion (318).
Cavity (344) 1s configured to house biasing feature (314) as
described 1n detail below with reference to FIGS. 12A-12B.
As shown i FIGS. 12A-13, inner surfaces of top and bottom
walls (324, 334) may include a plurality of stop features
(346, 348) that are configured to prevent inward movement
of user contact portions (320, 322) beyond a desired amount.
Additionally, user contact portions (320, 322) includes a
plurality of projections (350, 352) configured to interact
with mner surfaces of sides (326, 328) of upper housing
portion (316) and 1nner surfaces of sides (336, 338) of lower
housing portion (318) to prevent outward movement of user
contact portions (320, 322) beyond a desired amount.

As shown i FIGS. 12A-13, biasing feature (314) includes
resilient portions, shown as biasing arms (354, 356) that are
disposed generally opposite to one another. Biasing arms
(354, 356) are shown as being generally thin flexible mem-
bers; however, other versions of biasing arms (354, 356) are
also envisioned. As shown, biasing arms (354, 356) may be
coupled to each other at terminal ends (338, 360). Biasing
arm (354) includes an inner surface (362) and an outer
surface (364). Similarly, biasing arm (356) includes an 1nner
surface (366) and an outer surface (368). Inner surface (362)
of biasing arm (354 ) includes a gripping surface (370). Inner
surface (366) of biasing arm (356) includes a gripping
surface (374). Gripping surfaces (370, 374) may extend
parallel to a longitudinal axis defined by cannula tube (124)
of cannula (120).

Gripping surfaces (370, 374) may be smooth or non-
smooth. For example, a non-smooth surface may include
one or more features to lockingly engage cannula tube (124).
At least one of gripping surfaces (370, 374) may include at
least one tooth configured to lockingly engage with at least
one of rib (128) of cannula (120) 1n the fixed configuration
and not lockingly engage with rib (128) of cannula (120) 1n
the movable configuration. As shown 1 FIGS. 11-13, grip-
ping surface (370, 374) include a plurality of engagement
teatures (372, 376) configured to lockingly engage with ribs
(128) disposed on an outer surface of cannula tube (124) of
cannula (120) in the fixed configuration and not lockingly
engage with nbs (128) disposed on the outer surface of
cannula tube (124) 1n the movable configuration. Alterna-
tively, gripping surfaces (370, 374) may include a smooth
surface (not shown) that 1s configured to frictionally engage
ribs (128) of cannula (120) 1n the fixed configuration and not
frictionally engage ribs (128) of cannula (120) in the mov-
able configuration.

Depth limiter (310) 1s movable by the user (U) between a
movable configuration shown in FIG. 12A and a fixed
configuration shown i FIG. 12B. In other words, depth
limiter (310) may be selectively actuated from the fixed
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configuration having a first effective diameter (ED1) to the
movable configuration having a second eflective diameter
(ED2) to couple depth limiter (310) from cannula tube (124).
Additionally, depth limiter (310) may be selectively actuated
from the fixed configuration to the movable configuration to
decouple depth limiter (310) from cannula tube (124). As
shown, first effective diameter (ED1) 1s smaller than second
cllective diameter (ED2). FIG. 12A shows a top plan view
of depth limiter (310) of FIG. 11 coupled with cannula tube
(124) of FIG. 5 which 1s shown 1n cross-section. Upper
housing portion (316) of depth limiter (310) 1s removed in
FIGS. 12A-12B to reveal depth limiter (310) 1in the movable

configuration allowing for axial movement of depth limiter
(310) relative to cannula tube (124) when actuated by the
user (U).

Particularly, gripping surface (370) may be movably
coupled with biasing arm (354) and gripping surface (374)
may be movably coupled with biasing arm (356) from the
fixed configuration to the movable configuration when
respective user contact portions (320, 322) are actuated by
user. For example, in the movable configuration of FIG.
12A, gripping surfaces (370, 374) collectively form the
second effective diameter (ED2) that allows for axial move-
ment of depth limiter (310) relative to an outer diameter of
cannula tube (124) of cannula (120). In other words, actua-
tion of user contact portions (320, 322) 1s configured to
respectively cause biasing arms (354, 356) to move gripping,
surfaces (370, 374) radially outward to selectively disengage
cannula (120) in the movable configuration. As shown,
gripping surface (370) 1s radially oflset from the user contact
portions (320, 322) by approximately 90 degrees, and grip-
ping surface (374) 1s radially oflset from the user contact
portion (320, 322) by approximately 90 degrees.

As shown, user contact portions (320, 322) may be
actuated by the user (U) using thumb and index fingers.
However, the user (U) may depress user contact portions
(320, 322) 1n other ways (e.g., using one or more fingers and
the palm). By pinching surfaces (378, 380) of user contact
portions (320, 322), gripping surfaces (370, 374) spread
apart for disengagement. In the movable configuration, the
virtual diameter defined by opposing gripping surtaces (370,
374) 1s larger than that of cannula tube (124), allowing for
free movement of depth limiter (310) to any user-specified
depth along cannula tube (124). As shown, user contact
portions (320, 322) are disposed circumierentially opposite
one another; however, other arrangements of user contact
portions (320, 322) are also envisioned. As shown, user
contact portions (320, 322) include surfaces (378, 380) for
enhanced gripping by the user (U). Surfaces (378, 380) may
include features (not shown) to allow for more thorough
sterilization, should depth limiter (310) be reusable.

FI1G. 12B shows a top plan view of depth limiter (310) and
cannula tube (124) of FI1G. 12A, but with depth limiter (310)
in a fixed configuration that restricts axial movement of
depth limiter (310) relative to cannula tube (124). The user
(U) may release gripping surfaces (370, 374) from FIG. 12A
from the outer surface of cannula tube (124), so that biasing
arms (354, 356) return to the fixed configuration. Gripping
surtaces (370, 374) are disposed circumierentially opposite
one another and are configured to directly contact circums-
terentially opposite sides of cannula (120) 1in the fixed
configuration. In the fixed configuration, gripping surfaces
(370, 374) collectively form a first effective diameter (ED1)
that restricts axial movement of depth limiter (310) relative
to cannula (120) by directly contacting cannula (120) at
discrete regions. As shown, the first eflective diameter

(ED1) defined by gripping surfaces (370, 374) 1s smaller
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than the outer diameter cannula tube (124) when biasing
arms (354, 356) of biasing feature (314) are in the fixed

configuration. The fixed configuration 1s the resting configu-
ration. As shown, gripping surfaces (370, 374) do not
completely (or entirely) surround cannula tube (124) of
cannula (120) 1n eirther the fixed configuration or the mov-
able configuration. Instead, gripping surfaces (370, 374) are
spaced apart from one another in both of the fixed and
movable configurations and separated by gaps (266, 268).
Depth limiter (310) 1s shown to have a low-profile form.
Depth limiter (310) may nest onto proximal end of cannula
tube (124) for transport and/or storage. Depth limiter (310)
also includes simple to operate pinch-to release controls.
Depth lmmiter (310) may be reusable or disposable. For
example, depth limiter (310) may be 1njection molded for a
disposable model. Alternatively, depth limiter (310) may be
and stamped, machined, and/or metal-injection molded for a
re-usable model. In some versions, depth limiter (310) 1s
completely formed of metal. Depth limiter (310) may {it
robotic and laparoscopic instruments, which provides less
throw away medical trash and medical facilities (e.g., hos-
pitals) do not have to stock as many different SKUSs.

C. Third Exemplary Depth Limiter

FIGS. 14-16B show a third exemplary depth limaiter (410)
coupled with an exemplary cannula (412). Particularly, FIG.
14 shows a perspective view of depth limiter (410) 1n a fixed
configuration that restricts axial movement of depth limiter
(410) relative to cannula (412). FIG. 15 shows a perspective
view of depth limiter (410) of FIG. 14. Similar to cannula
(120), cannula (412) may have a bell-shaped hub (414) at a
proximal end thereof, and an elongate cannula tube (416)
extending distally from hub (414) and terminating at an
angled cannula tip (418). An outer surface of cannula tube
(416) 1ncludes a plurality of tissue gripping features in the
form of ribs (420) arranged axially along a medial portion of
cannula tube (416). As shown 1 FIGS. 14 and 16A-16B,
cannula tube (416) includes slotted portions (422) formed
opposite one another. Slotted portions (422) extend longi-
tudinally along cannula tube (416). Slotted portions (422)
have a reduced outer diameter as compared the remainder of
cannula tube (416). Slotted portions (422) include apertures
or features (424) disposed on a distal portion of cannula tube
(416) and 1s generally adjacent to cannula tip (418). As
shown, slotted portions (422) extend along the complete
axial length of cannula tube (416); however, slotted portions
(422) may extend only along a portion of the axial length of
cannula tube (416) 1n some versions.

Depth limiter (410) may include an outer portion (426), an
inner portion (428), and arms (430, 432) that that are
disposed between outer and inner portions (426, 428). As
shown 1n FIG. 16B, outer portion (426) may be generally
oval m shape when in the fixed configuration (i.e., the
resting configuration). Outer portion (426) includes user
contact portions (434, 436) that may be disposed circum-
terentially opposite from one another. User contact portions
(434, 436) are configured to be actuated by the user (U). As
shown, user contact portions (434, 436) include raised
protuberances (438, 440) that are configured to enhance the
ogripping ol respective user contact portions (434, 436)
and/or allow the user to tactilely locate user contact portions
(434, 436) without visualization.

Depth limiter (410) includes biasing features (442, 444)
that are disposed opposite one another. Biasing feature (442)
includes a resilient portion (446), arm (430), and a gripping
member (448). Similarly, biasing feature (444) includes a
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resilient portion (450), arm (432), and a gripping member
(452). Resilient portions (446, 450) may be configured to
flex as shown 1 FIG. 16 A when respective user contact
teatures (434, 436) are actuated by the user (U). This
flexibility may be due in part to the geometry of depth
limiter (410), such that the relative cross-sectional thickness
of resilient portions (446, 450) 1s less than the relative
cross-sectional thickness of the outer portion (426) that
includes user contact portions (434, 436). For example, as
shown 1n FIG. 15, the height (H1) of user contact portions
(434, 436) 1s greater than the height (HZ) of resilient
portions (446, 450). Similarly, as shown 1n FIG. 16B, the
thickness (T1) of user contact portions (434, 436) 1s greater
than the thickness (12) of resilient portions (446, 450).

Gripping member (448) includes a gripping surface (458)
and an outer surtace (460). Gripping surface (458) 1s mov-
ably coupled with resilient portion (446) from the fixed
configuration to the movable configuration when user con-
tact portion (434) 1s actuated by the user (U). Similarly,
ogripping member (452) includes a gripping surface (462)
and an outer surface (464). Gripping surfaces (458, 462) are
s1ized and configured to receive cannula tube (416) at dis-
crete regions. Gripping surfaces (458, 462) may extend
parallel to a longitudinal axis defined by cannula tube (416)
of cannula (412). Gripping surface (462) 1s movably coupled
with resilient portion (446) from the fixed configuration to
the movable configuration when user contact portion (434)
1s actuated by the user (U). Gripping surfaces (458, 462)
include respective slotted portions (466, 467) that are con-
figured to align with slotted portions (422) of cannula tube
(416) 1n the fixed configuration. Gripping surfaces (458,
462) of gripping members (448, 452) are spaced apart from
one another in both of the closed and movable configura-
tions by gaps (468, 470).

Gripping surfaces (438, 462) may be smooth or non-
smooth. For example, a non-smooth surface may include
one or more features to lockingly engage cannula tube (416).

At least one of gripping surfaces (438, 462) may include
at least one engagement feature configured to lockingly
engage with at least one of r1b (420) of cannula (412) in the
fixed configuration and not lockingly engage with rib (420)
of cannula (412) 1n the movable configuration. As shown 1n
FIG. 15, gripping surfaces (458, 462) include a plurality of
engagement features, shown as teeth (472, 474), configured
to lockingly engage with ribs (420) disposed on an outer
surface of cannula tube (416) of cannula (412) 1n the fixed
configuration and not lockingly engage with ribs (420)
disposed on the outer surface of cannula tube (416) in the
movable configuration. Alternatively, gripping surfaces
(458, 462) may include a smooth surface (not shown) that 1s
configured to Irictionally engage ribs (420) of cannula tube
(416) of cannula (412) 1n the fixed configuration and not
frictionally engage ribs (420) of cannula (412) 1n the mov-
able configuration.

Depth limiter (410) 1s movable by the user (U) between a
movable configuration shown in FIG. 16A and a fixed
configuration shown in FIG. 16B. In other words, depth
limiter (410) may be selectively actuated from the fixed
configuration having a first effective diameter (ED1) to the
movable configuration having a second eflective diameter
(ED2) to decouple depth limiter (410) from cannula tube
(416), and from the movable configuration to the fixed
configuration to couple depth limiter (410) to cannula tube
(416). As shown, first eflective diameter (ED1) 1s smaller
than second effective diameter (ED2). FIG. 16 A shows a top
plan view of depth limiter (410) and cannula tube (416) of
FIG. 14 with cannula tube (416) being shown in cross-
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section, where depth limiter (410) 1s 1n a movable configu-
ration allowing for axial movement of depth limiter (410)

relative to cannula tube (416) when actuated by the user (U).
In the movable configuration of FIG. 16 A, gripping surfaces
(458, 462) collectively form second eflective diameter
(ED2) that allows for axial movement of depth limiter (410)
relative to an outer diameter of cannula tube (416) of
cannula (412). In other words, actuation of user contact
portions (434, 436) 1s configured to respectively cause arms
(430, 432) to move gripping suriaces (458, 462) outwardly
to selectively disengage cannula (412) 1n the movable con-
figuration.

As shown, user contact portions (434, 436) are configured
to be actuated by the user (U) using thumb and index fingers.
However, the user (U) may depress user contact portions
(434, 436) 1n other ways (e.g., using one or more fingers and
the palm). By pinching user contact portions (434, 436),
gripping surfaces (438, 462) spread apart for disengagement.
In the movable configuration, the virtual diameter defined by
opposing gripping surfaces (458, 462) 1s larger than that of
cannula tube (416), allowing for free movement of depth
limiter (410) to any user-specified depth along cannula tube
(416). As shown, gripping surface (438) 1s radially oflset
from the user contact portions (434, 436) by approx1mately
90 degrees, and gripping surface (462) 1s radially offset from
the user contact portions (434, 436) by approximately 90
degrees.

FIG. 16B shows a top plan view of depth limiter (410) and
cannula tube (416) of FI1G. 16 A, but with depth limiter (410)
in the fixed configuration of FIG. 14. The user (U) may
release gripping surfaces (458, 462) from FIG. 16 A from the
outer surface of cannula tube (124), so that arms (430, 432)
return to the fixed configuration. Gripping surfaces (458,
462) are disposed circumierentially opposite one another
and are configured to directly contact circumierentially
opposite sides of cannula (412) in the fixed configuration. In
the fixed configuration, gripping surfaces (458, 462) collec-
tively form a first effective diameter (ED1) that restricts
axial movement of depth limiter (410) relative to cannula
(412) by directly contacting cannula (412).

As shown, the first eflective diameter (ED1), defined by
gripping surfaces (458, 462), 1s smaller than the outer
diameter of cannula tube (416) when arms (430, 432) are 1n
the fixed configuration. The fixed configuration may be
considered the resting configuration. As shown, gripping
surfaces (458, 462) do not completely (or entirely) surround
cannula tube (416) of cannula (412) in either the fixed
configuration or the movable configuration. Instead, grip-
ping surfaces (438, 462) are spaced apart from one another
in both of the fixed and movable configurations and sepa-
rated by gaps (468, 470). In the fixed configuration of FIG.
16B, gripping suriaces (458, 462) are shown to grip less than
half of the circumierence of cannula tube (416) at discrete
regions; however, this may vary.

Depth limiter (410) may be reusable or disposable. For
example, depth limiter (410) may be injection molded for an
inexpensive disposable model. Depth limiter (410) may be
integrally formed together as a unitary piece. For example,
depth limiter (410) may be formed from a polymeric mate-
rial (e.g., plastic). Alternatively, depth limiter (410) may be
and stamped, machined, and/or metal-injection molded for a
re-usable model.

D. Fourth Exemplary Depth Limiter

FIGS. 17-18B show a fourth exemplary depth limiter
(510) coupled with cannula (120). Similar to depth limiter
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(410) that includes an outer portion (426), depth limiter
(510) includes an outer portion (526) as well as biasing
teatures (530, 532) that that are disposed within outer
portion (526). Outer portion (526) includes user contact
portions (534, 536), similar to user contact portions (434,
436), that are disposed opposite from one another. User
contact portions (534, 536) are configured to be actuated by
the user (U). As shown, user contact portions (534, 536)
include raised protuberances (538, 540) that are configured
to enhance the gripping of respective user contact portions
(534, 536) and/or allow the user to tactilely locate user
contact portions (3534, 536) without visualization. Outer
portion (526) may include thin portions (328, 529) that are
disposed opposite one another and between user contact
portions (534, 536).

Biasing features (330, 532) are disposed opposite one
another. Biasing feature (330) includes a resilient portion
(546) and a gripping feature (548). Similarly, biasing feature
(532) includes a resilient portion (5350), and a gripping
teature (552). Resilient portions (546, 550) may be config-
ured to outwardly flex as shown 1n FIG. 18 A when respec-
tive user contact features (534, 536) are actuated by user (U).
This flexibility may be due 1n part to the geometry of depth
limiter (510), such that the relative cross-sectional thickness
of resilient portions (546, 5350) 1s less than the relative
cross-sectional thickness of outer portion (526) that includes
user contact portions (334, 436) and thin portions (528, 529).
For example, as shown 1n FIG. 17, the height (H1) of user
contact portions (534, 436) 1s greater than the height (H2) of
thin portions (528, 529). Thin portions (528, 5292) may be
shorter than gripping features (548, 552) to aflect the mag-
nitude of outward tlexing of biasing features (530, 532).

Gripping feature (548) includes a gripping surface (558)
and an outer surface (560). Similarly, gripping feature (552)
includes a gripping surface (562) and an outer surface (564).
Gripping surfaces (558, 562) may be movably coupled with
resilient portions (546, 550) from the fixed configuration to
the movable configuration when user contact portion (534,
536) are actuated by the user (U). Gripping surfaces (558,
562) may be sized and configured to receive cannula tube
(124) of cannula (120) at discrete regions. Gripping surfaces
(558, 562) may extend parallel to a longitudinal axis defined
by cannula tube (124) of cannula (120). Gripping surfaces
(558, 562) of gripping features (548, 552) are spaced apart
from one another in both of the fixed and movable configu-
rations by gaps (568, 570).

Gripping surfaces (538, 562) may be smooth or non-
smooth. For example, a non-smooth surface may include
one or more features to lockingly engage cannula tube (124).
At least one of gripping surfaces (358, 562) may include at
least one engagement feature configured to lockingly engage
with at least one of rib (128) of cannula (120) 1n the fixed
configuration and not lockingly engage with rib (128) of
cannula (120) in the movable configuration. As shown 1n
FIGS. 18A-18B, gripping surface (338, 562) include a
plurality of engagement features, shown as teeth (574, 576),
configured to lockingly engage with ribs (128) disposed on
an outer surface of cannula tube (124) of cannula (120) 1n
the fixed configuration and not lockingly engage with ribs
(128) disposed on the outer surface of cannula tube (124) 1n
the movable configuration. Alternatively, while not shown,
gripping surfaces (538, 562) may include a smooth surface
(not shown) that 1s configured to frictionally engage ribs
(128) of cannula tube (124) of cannula (120) 1n the fixed
configuration and not Irictionally engage ribs (128) of
cannula (120) in the movable configuration.
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Depth limiter (510) 1s movable by the user (U) between a
movable configuration shown in FIG. 18A and a fixed
configuration shown 1 FIG. 18B. In other words, depth
limiter (5310) may be selectively actuated from the fixed
configuration having a first eflective diameter (ED1) to the
movable configuration having a second eflective diameter
(ED2) to couple depth limiter (510) with cannula tube (124).
Depth limiter (510) may be selectively actuated from fixed
configuration to the movable configuration to decouple
depth limiter (510) to cannula tube (124). As shown, first
cllective diameter (ED1) 1s smaller than second eflective
diameter (ED2). FIG. 18A shows a top plan view of depth
limiter (510) and cannula tube (124) of FIG. 5 with cannula
tube (124) being shown 1n cross-section, where depth limiter
(510) 1s 1n a movable configuration allowing for axial
movement of depth limiter (510) relative to cannula tube
(124) when actuated by the user (U). In the movable
configuration of FIG. 18A, gripping surfaces (558, 562)
collectively form the second eflective diameter (ED2) that
allows for axial movement of depth limiter (510) relative to
an outer diameter of cannula tube (124) of cannula (120). As
shown 1n FIG. 18B, outer portion (526) may be generally
oval i shape when 1n the fixed configuration also consid-
ered the resting configuration.

As shown, user contact portions (534, 5336) are configured
to be actuated by the user (U) using thumb and index fingers.
However, the user (U) may depress user contact portions
(534, 536) 1n other ways (e.g., using one or more fingers and
the palm). By pinching user contact portions (534, 536),
oripping surfaces (5358, 562) may spread apart for disen-
gagement. In the movable configuration, the virtual diameter
defined by opposing gripping surfaces (358, 562) 1s larger
than that of cannula tube (124), allowing for free movement
of depth limiter (510) to any user-specified depth along
cannula tube (124). As shown, gripping surface (358) is
radially oflset from the user contact portions (534, 5336) by
approximately 90 degrees, and gripping surface (3562) is
radially oflset from the user contact portions (534, 5336) by
approximately 90 degrees.

FIG. 18B shows a top plan view of depth limiter (510) and
cannula tube (124) of FIG. 18A, but with depth limiter (510)
in the fixed configuration of FIG. 14. As shown 1n FIG. 18B,
outer portion (526) 1s generally circular 1n shape when 1n the
fixed configuration also considered the resting configuration.
The user (U) may release gripping surfaces (558, 562) from
FIG. 18A from the outer surface of cannula tube (124), so
that biasing features (530, 532) return to the fixed configu-
ration. Gripping surfaces (358, 562) are disposed circum-
terentially opposite one another and are configured to
directly contact circumierentially opposite sides of cannula
(120) 1n the fixed configuration. In the fixed configuration,
oripping surfaces (338, 562) collectively form a first eflec-
tive diameter (ED1) that restricts axial movement of depth
limiter (510) relative to cannula (120) by directly contacting
cannula (120). First eflective diameter (ED1) defined by
gripping surfaces (558, 562) 1s smaller than the outer diam-
cter cannula tube (124) when biasing features (530, 532) are
in the fixed configuration. As shown, gripping surfaces (558,
562) do not completely (or entirely) surround cannula tube
(124) of cannula (120) in either the fixed configuration or the
movable configuration. Instead, gripping surfaces (358, 562)
are spaced apart from one another 1n both of the fixed and
movable configurations and separated by gaps (568, 570). In
the fixed configuration of FIG. 18B, gripping surfaces (558,
562) are shown to collectively grip less than half of the
circumierence of cannula tube (124); however, this may

vary.




US 11,633,211 B2

21

Depth limiter (510) may be reusable or disposable. For
example, depth limiter (510) may be 1njection molded for an
inexpensive disposable model. Depth limiter (510) may be
integrally formed together as a unitary piece. For example,
depth limiter (510) may be formed from a polymeric mate-
rial (e.g., plastic). Alternatively, depth limiter (5310) may be
metal-injection molded for a re-usable model.

E. Fifth Exemplary Depth Limiter

FIGS. 19-22B show a fifth exemplary depth limiter (610)

coupled with an exemplary cannula (612). Particularly, FIG.
19 shows a perspective view of depth limiter (610) 1n a fixed
configuration that restricts axial movement of depth limiter
(610) relative to cannula (612). Similar to cannula (120),
cannula (612) includes a bell-shaped hub (614) at a proximal
end thereol, and an elongate cannula tube (616) extending
distally from hub (414) and terminating at an angled cannula
tip (618). An outer surface of cannula tube (616) includes a
plurality of tissue gripping features in the form of ribs (620)

arranged axially along a medial portion of cannula tube
(616).

FIG. 20 shows a perspective view of depth limiter (610)
of FIG. 19, and FIG. 21 shows a side elevational view of
depth limiter (610) of FIG. 20. Depth limiter (610) includes
user contact portions (622, 624) and biasing features (626,
628). User contact portions (622, 624) may be disposed
opposite from one another, and are configured to be actuated
by the user (U). As shown, user contact portions (622, 624)
include buttons (630, 632). Buttons (630, 632) may include
gripping features that are configured to enhance the gripping
of respective user contact portions (622, 624) and/or allow
the user (U) to locate user contact portions (622, 624)
without visualization.

Biasing features (626, 628) may be disposed opposite one
another. Biasing feature (626) includes a resilient portion
(shown as thin portion (638)) and a thick portion (640). Thin
portion (638) 1s coupled with user contact portion (622)
using a connecting portion (642). Sumilarly, biasing feature
(628) includes a resilient portion (shown as thin portion
(644)) and a thick portion (646). Thin portion (644) 1s
coupled with user contact portion (624) using a connecting
portion (648). Thick portion (640) includes a gripping
feature (650). Similarly, thick portion (646) includes a
gripping feature (652). Gripping features (6350, 6352) arc
configured to flex outwardly as shown i FIG. 22A when
respective user contact features (622, 624) are actuated by
the user (U). This flexibility may be due in part to the
geometry of depth limiter (610), such that the relative
cross-sectional thickness of thin portions (638, 644) 1s less
than the relative cross-sectional thickness of thick portions
(640, 646). As shown 1n FIG. 22B, thickness (T1) of thick
portions (640, 646) 1s greater than thickness (12) of thin
portions (638, 644).

Gripping feature (650) includes a gripping surface (654 )
that 1s movably coupled with thin portion (638) from the
fixed configuration to the movable configuration when user
contact portion (622) 1s actuated by the user (U). Similarly,
gripping feature (652) includes a gripping surface (656) that
1s movably coupled with thin portion (644) from the fixed
configuration to the movable configuration when user con-
tact portion (622) 1s actuated by the user (U). Gripping
surfaces (634, 656) arc sized and configured to receive
cannula tube (616) at discrete regions. Gripping surfaces
(654, 656) of gripping features (650, 652) are spaced apart
from one another by gaps (658, 660) 1n both of the fixed and
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movable configurations. Gripping surfaces (654, 656) may
extend parallel to a longitudinal axis defined by cannula tube

(616) of cannula (612).

Gripping surfaces (654, 656) may be smooth or non-
smooth. For example, a non-smooth surface may include
one or more features to lockingly engage cannula tube (616).
At least one of gripping surfaces (634, 656) may include at
least one engagement feature configured to lockingly engage
with at least one of ribs (620) of cannula (612) 1n the fixed
configuration and not lockingly engage with ribs (620) of
cannula (612) in the movable configuration. As shown 1n
FIGS. 22A-22B, gripping surfaces (654, 656) each include

a plurality of engagement features, shown as teeth (670,
672), configured to lockingly engage with ribs (620) dis-
posed on an outer surface of cannula tube (616) of cannula
(612) 1n the fixed configuration and not lockingly engage
with ribs (620) disposed on the outer surface of cannula tube
(616) in the movable configuration. Three 1ndividual teeth
(670, 672) are shown, and are arranged mimic the shape of
scallops of cannula (612). Alternatively, while not shown,
gripping surfaces (634, 656) may include a smooth surface
(not shown) that 1s configured to irictionally engage ribs
(620) of cannula tube (616) of cannula (612) 1n the fixed
configuration and not Irictionally engage ribs (620) of
cannula (612) in the movable configuration.

Depth limiter (610) may be movable by the user (U)
between the movable configuration shown 1n FIG. 22A and
the fixed configuration shown 1n FIG. 22B. In other words,
depth limiter (610) may be selectively actuated from the
fixed configuration having a first eflective diameter (ED1) to
the movable configuration having a second eflective diam-
cter (ED2) to couple depth limiter (610) with cannula tube
(616). Additionally, depth limiter (610) 1s movable by the
user (U) from the fixed configuration to the movable con-
figuration to decouple depth limiter (610) from cannula tube
(616). Particularly, FIG. 22A shows a top plan view of depth
limiter (610) and cannula tube (124) of FIG. 5 with cannula
tube (616) being shown 1n cross-section, where depth limiter
(610) 1s in the movable configuration allowing for axial
movement of depth limiter (610) relative to cannula tube
(616) when actuated by the user (U).

In the movable configuration of FIG. 22A, gripping
surfaces (634, 656) collectively form the second effective
diameter (ED2) that allows for axial movement of depth
limiter (610) relative to an outer diameter of cannula tube
(616) of cannula (612). In other words, actuation of user
contact portions (622, 624) 1s configured to respectively
cause biasing features (626, 628) to move gripping surfaces
(654, 656) outwardly to selectively disengage cannula (612)
in the movable configuration. As shown 1n FIGS. 22A-22B,
the first eflective diameter (ED1) 1s smaller than the second
cllective diameter (ED2). As shown, user contact portions
(622, 624) are configured to be actuated by the user (U)
using thumb and index fingers. However, the user (U) may
depress user contact portions (622, 624) 1n other ways (e.g.,
using one or more fingers and the palm). In the movable
configuration, the virtual diameter defined by opposing
gripping surfaces (654, 656) 1s larger than that of cannula
tube (616), allowing for free movement of depth limiter
(610) to any user-specified depth along cannula tube (616).
In other words, the thickness of thin portions (638, 644)
cause the eflective diameter to expand from the first effective
diameter (ED1) to the second eflective diameter (ED2) due
to bi-axial stresses induced caused by pinching user contact
features (622, 624). As shown, gripping surface (654) is
radially oflset from the user contact portions (622, 624) by
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approximately 90 degrees, and gripping surtace (656) is
radially oflset from the user contact portions (622, 624) by
approximately 90 degrees.

Pushing user contact portions (622, 624) along first axis
causes gripping features (6350, 652) to expand along a
perpendicular second axis (push 1n one direction with the
ellect being 1n a perpendicular direction). User pinch force
deflects perpendicular surfaces mmward, causing gripping
surfaces (654, 656) to move outwardly and up to unlatch.
Depth limiter (610) has a biaxially curved shape to imduce
desired flexing 1n the perpendicular direction when pinched
or pulled 1n the other direction. Perpendicular to these
teatures, at the more proximal end, are thin portions (638,
644) (1.¢., a slot, oval, or other curved shape removes more
material from the inner surfaces here). This thinning causes
flexibility, such that when the user pinches from buttons
(630, 632), the stresses induced in the part cause gripping
teatures (650, 652) to rotate up and away from the cannula
(e.g., in a gull-wing motion). The dimensions of thin por-
tions (638, 644) may be manipulated to allow for easier
actuation forces versus higher clamp forces and/or to
account for different material characteristics.

FI1G. 22B shows a top plan view of depth limiter (610) and
cannula tube (616) of F1G. 22A, but with depth limiter (610)
in a fixed configuration that restricts axial movement of
depth limiter (610) relative to cannula tube (616). In the
fixed configuration, gripping surfaces (654, 656) collec-
tively form a first eflective diameter (ED1) that restricts
axial movement of depth limiter (610) relative to cannula
(612) by directly contacting cannula (612). The user (U)
may release gripping surfaces (654, 656) from FIG. 22A
from the outer surface of cannula tube (616), so that biasing
features (626, 628) return to the fixed configuration. Grip-
ping surfaces (654, 656) may be disposed circumierentially
opposite one another and may be configured to directly
contact circumierentially opposite sides of cannula (612) 1n
the fixed configuration.

First eflective diameter (ED1) defined by gripping sur-
taces (654, 656) 1s smaller than the outer diameter cannula
tube (616) when biasing features (626, 628) are in the fixed
configuration. The fixed configuration may be considered
the resting configuration. As shown, gripping surfaces (654,
656) do not completely (or entirely) surround cannula tube
(616) of cannula (612) 1n either the fixed configuration or the
movable configuration. Instead, gripping surfaces (654, 656)
may be spaced apart from one another in both of the fixed
and movable configurations and separated by gaps (658,
660). In the fixed configuration of FIG. 18B, gripping
surfaces (654, 656) are shown to collectively grip less than
half of the circumference of cannula tube (616); however,
this may vary. As shown, depth limiter (610) 1s generally
circular in shape when 1n the fixed configuration (1.e., the
resting configuration).

Depth limiter (610) may be reusable or disposable. For
example, depth limiter (610) may be 1njection molded for an
inexpensive disposable model. Depth limiter (610) may be
integrally formed together as a unitary piece. For example,
depth limiter (610) may be singular injection molded com-
ponent would enable very low cost of goods and a relatively
high clamping force versus relatively low user-actuated

declamping force. For example, depth limiter (610) may be
formed from a polymeric material (e.g., plastic). Alterna-
tively, depth limiter (610) may be metal-injection molded for
a re-usable model. Additionally, 1n some versions, depth
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limiter (610) may be modified for more effective stamping,
machining, and welding processes.

F. Sixth Exemplary Depth Limiter

FIGS. 23-25B show a sixth exemplary depth limiter
(710). Particularly, FIG. 23 shows a perspective view of
depth limiter (710), and FIG. 24 shows a top plan view of
depth limiter (710) of FIG. 23. As shown, depth limaiter (710)
includes a housing (712), user contact portions (714, 716),
and biasing features (718, 720). Housing (712) may include
a cylindrical portion (722) and a truncated cone portion
(724) with an aperture (726) extending therethrough con-
figured to receive cannula tube (124) of cannula (120). In
some versions, truncated cone portion (724) may be shorter,
such that the overall height of depth limiter (710) may be
shorter and more compact. As shown, cylindrical portion
(722) includes projections (728, 730) that are project radi-
ally inward. User contact portions (714, 716), which may be
in the form of buttons, may be disposed opposite from one
another, and may be configured to be actuated by the user
(U). User contact portions (714, 716) include outer surfaces
(731, 733) that are shown as being generally circular. While
not shown, outer surfaces (731, 733) may include gripping
features that are configured to enhance the gripping of
respective user contact portions (714, 716) and/or allow the
user (U) to locate user contact portions (714, 716) without
visualization.

Biasing features (718, 720) may be disposed opposite one
another, and may act as opposing spring-retained levers. As
shown, biasing feature (718) includes a resilient portion
(shown as a spring (732) 1n FIGS. 25A-235B) and a biasing
arm (734). Spring (732) 1s coiled around a pin (735) and 1s
received by projection (728) to bias biasing arm (734).
Biasing arm (734) includes a gripping member (736) that
includes a gripping surface (738) configured to receive
cannula tube (124). Similarly, biasing feature (720) includes
a resilient portion (shown as a spring (740) in FIGS.
25A-25B) and a biasing arm (742). Spring (740) 1s coiled
around a pin (741) and 1s recerved by projection (730) to bias
biasing arm (742). Biasing arm (742) includes a gripping
member (744) that includes a gripping surface (746) con-
figured to recerve another portion of cannula tube (124). In

FIG. 24, housing (712) i1s shown in phantom to expose
biasing arms (734, 742) of biasing features (718, 720).
Gripping surfaces (738, 746) are sized and configured to
receive cannula tube (124) at discrete regions. Gripping
surfaces (738, 746) may extend parallel to a longitudinal
axis defined by cannula tube (124) of cannula (120). Grip-
ping surfaces (738, 746) of gripping members (736, 744) are
spaced apart from one another by gaps (748, 750) 1n both of
the fixed and movable configurations. Gripping surfaces
(738, 746) are shown as cylindrical clamping surfaces that
interfere with cannula (120) and provide clamping pressure.
Gripping surfaces (738, 746) may be smooth or non-smooth.
As shown, gripping surfaces (738, 746) may include a
smooth arcuate surface that i1s configured to Irictionally
engage ribs (128) of cannula tube (124) of cannula (120) 1n
the fixed configuration and not frictionally engage ribs (128)
of cannula (120) in the movable configuration. Alternatively,
while not shown, a non-smooth surface may include one or
more features to lockingly engage cannula tube (124). For
example, at least one of gripping surfaces (738, 746) may
include at least one engagement feature (e.g., teeth) config-
ured to lockingly engage with at least one of rib (128) of
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cannula (120) in the fixed configuration and not lockingly
engage with nb (128) of cannula (120) in the movable
configuration.

Depth limiter (710) 1s movable by the user (U) between a
movable configuration shown in FIG. 25A and a fixed
configuration shown 1 FIG. 25B. In other words, depth
limiter (710) may be selectively actuated from the fixed
configuration having a first effective diameter (ED1) to the
movable configuration having a second eflective diameter
(ED2) to decouple depth limiter (710) from cannula tube
(124). Additionally, depth limiter (710) 1s movable by the
user (U) from the movable configuration to the fixed con-
figuration to couple depth limiter (710) to cannula tube
(124). Particularly, FIG. 25A shows a side partial cross-
sectional view of depth limiter (710) of FIG. 23 coupled
with cannula tube (124) of FIG. 5, where depth limiter (710)
1s 1n a movable configuration that allows for axial movement
of depth limiter relative (710) to cannula tube (124) when
actuated by the user (U).

In the movable configuration of FIG. 25A, gripping
surtaces (738, 746) collectively form the second eflective
diameter (ED2) that allows for axial movement of depth
limiter (710) relative to an outer diameter of cannula tube
(124) of cannula (120). In other words, actuation of user
contact portions (714, 716) 1s configured to respectively
cause biasing features (718, 720) to move gripping surfaces
(738, 746) radially outward to selectively disengage cannula
(120) in the movable configuration. As shown in FIGS.
25A-25B, the first effective diameter (ED1) 1s smaller than
the second eflective diameter (ED2). As shown, user contact
portions (714, 716) are configured to be actuated by the user
(U) using thumb and index fingers. However, the user (U)
may depress user contact portions (714, 716) 1n other ways
(e.g., using one or more fingers and the palm).

As shown 1 FIG. 25A, biasing arms (734, 742) are
pivotably mounted within housing (712) to clamp onto
cannula (120) using gripping members (736, 744). Biasing
arms (734, 742) clamp passively, engaged by springs (732,
740), and the user unclamps biasing arms (734, 742) by
pushing on user contact portions (714, 716) which tilts the
levers (shown as biasing arms (734, 742)). This interference
1s passively biased by the force of springs (732, 740) which
push biasing arms (734, 742) to be 1n the fixed configuration,
thereby clamping onto outer surface of cannula tube (124).
The user unclamps biasing arms (734, 742) by pushing on
user contact portions (714, 716), thus rotating the biasing
arms (734, 742), and pushing against springs (732, 740),
allowing depth limiter (710) to be repositioned. Springs
(732, 740) may be torsion springs and/or axial springs to
push biasing arms (734, 742) passively towards the fixed
configuration.

FI1G. 25B shows a side partial cross-sectional plan view of
depth limiter (710) and cannula tube (124) of FIG. 25A, but
with depth limiter (710) in the fixed configuration that
restricts axial movement of depth limiter (710) relative to
cannula tube (124). In the fixed configuration, gripping
surfaces (738, 746) collectively form a first effective diam-
cter (ED1) that restricts axial movement of depth limiter
(710) relative to cannula (120) by directly contacting can-
nula (120). First effective diameter (ED1) defined by grip-
ping surfaces (738, 746) 1s smaller than the outer diameter
cannula tube (124) when biasing features (718, 720) are 1n
the fixed configuration. The fixed configuration is the resting,
configuration. Gripping surfaces (738, 746) are disposed
circumierentially opposite one another and are configured to
directly contact circumiferentially opposite sides of cannula
(120) 1n the fixed configuration. As shown, gripping surfaces
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(738, 746) do not completely (or entirely) surround cannula
tube (124) of cannula (120) 1n either the fixed configuration

or the movable configuration. Instead, gripping surfaces
(738, 746) are spaced apart from one another 1n both of the
fixed and movable configurations and separated by gaps
(748, 750).

Depth limiter (710) may be reusable or disposable. For
example, depth limiter (710) may be mjection molded for an
inexpensive disposable model. For example, depth limiter
(710) may be formed from a polymeric material (e.g.,
plastic). Alternatively, depth limiter (710) may be metal-
injection molded for a re-usable model. Additionally, 1n
some versions, depth limiter (710) may be modified for more
cllective stamping, machining, and welding processes. In
some versions, depth limiter (710) may be completely
formed of metal.

G. Seventh Exemplary Depth Limiter

FIGS. 26-28 show a seventh exemplary depth limiter
(810). Particularly, FIG. 26 shows a perspective view of
depth limiter (810) and FIG. 28 shows an exploded view of
depth limiter (810) of FIG. 26. As shown, depth limaiter (810)
includes a housing (812), user contact portions (814, 816),
and biasing features (818, 820). Housing (812) may include
a cylindrical top (822) and a truncated cone portion (824)
that includes a side aperture (826). In some versions, trun-
cated cone portion (824) may be shorter, such that the
overall height of depth limiter (810) i1s shorter and more
compact. As shown, cylindrical top (822) includes an aper-
ture (828) and truncated cone portion (824) includes an
aperture (830). Apertures (828, 830) are configured to
receive cannula tube (124) of cannula (120) therethrough. As
shown, biasing features (818, 820) collectively form a
torsion spring. Biasing features (818, 820) are housed within
housing (812) to prevent tissue pinching between biasing
features (818, 820) and act as an abutment surface against
the abdominal wall (2) shown 1n FIG. 3A-3D.

User contact portions (814, 816) may be disposed gener-
ally adjacent one another (e.g., on the same side of cannula
tube (124)), and are configured to be actuated by the user
(U). For example, user contact portions (814, 816) may
include overmold on the ends, and/or any other ergonomi-
cally suitable end-treatments. As shown, user contact por-
tions (814, 816) arc disposed on the same side of depth
limiter (810), and are not disposed directly opposite one
another. User contact portions (814, 816) include outer
surfaces (832, 834) that are shown as being generally
rectangular. While not shown, outer surfaces (832, 834) may
include gripping features that are configured to enhance the
ogripping ol respective user contact portions (814, 816)
and/or allow the user to locate user contact portions (814,
816) without visualization.

Biasing feature (818) includes a resilient portion (shown
as a coil portion (836)). Similarly, biasing feature (820)
includes a resilient portion (shown as a coil portion (838)).
Coil portions (836, 838) respectively include gripping sur-
faces (840, 842). Gripping surfaces (840, 842) are sized and
configured to receive cannula tube (124).

Gripping surfaces (840, 842) may extend parallel to a
longitudinal axis defined by cannula tube (124) of cannula
(120). Gripping surfaces (840, 842) of coil portions (836,
838) completely surround cannula tube (124) 1n both of the
fixed and movable configurations. Gripping surfaces (840,
842) may be smooth or non-smooth. As shown, gripping
surfaces (840, 842) may include a smooth arcuate surface
that 1s configured to frictionally engage ribs (128) of cannula
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tube (124) of cannula (120) in the fixed configuration and
not frictionally engage ribs (128) of cannula (120) in the
movable configuration. Alternatively, while not shown, a
non-smooth surface may include one or more features to
lockingly engage cannula tube (124). For example, at least
one of gripping surfaces (840, 842) may include at least one
engagement feature (e.g. teeth) configured to lockingly
engage with at least one of nib (128) of cannula (120) 1n the
fixed configuration and not lockingly engage with rib (128)
of cannula (120) 1n the movable configuration. Gripping
surfaces (840, 842) may nestle onto the outer surface on
cannula (120) to increase retention force.

Depth limiter (810) 1s movable by the user (U) between a
movable configuration shown in FIG. 27A and a fixed
configuration shown in FIG. 27B. In other words, depth
limiter (810) may be selectively actuated from the fixed
configuration having a first effective diameter (ED1) to the

movable configuration having a second eflective diameter
(ED2) to couple depth limiter (810) from cannula tube (124).

Additionally, depth limiter (810) 1s movable by the user (U)
from the fixed configuration to the movable configuration to
decouple depth limiter (810) from cannula tube (124).
Particularly, FIG. 27 A shows a top plan view of depth limiter
(810) of FIG. 26 coupled with cannula tube (124) of FIG. 6
shown 1n cross-section, where the upper housing (shown as
cylindrical top (822)) of depth limiter (810) 1s removed to
show depth limiter (810) 1n the movable configuration.

In the movable configuration of FIG. 27A, gripping
surfaces (840, 842) collectively form second eflective diam-
cter (ED2) that allows for axial movement of depth limiter
(810) relative to an outer diameter of cannula tube (124) of
cannula (120). In other words, actuation of user contact
portions (814, 816) 1s configured to respectively cause
biasing features (818, 820) to expand gripping surfaces (840,
842) radially outward to selectively disengage cannula (120)
in the movable configuration. As shown, user contact por-
tions (814, 816) are configured to be actuated by the user (U)
using thumb and 1index fingers. However, the user (U) may
depress user contact portions (814, 816) 1n other ways (e.g.,
using one or more fingers and the palm). The user (U) may
increase the inner diameter of gripping surfaces (840, 842)
by pinching outer surfaces (832, 834) of user contact por-
tions (814, 816) together. Biasing features (818, 820) are
passively engaged to the cannula (120) via spring-force, and
are disengaged from cannula (120) by squeezing together
two handles (814, 816) attached to its terminal ends, which
opens up biasing features (818, 820). Biasing features (818,
820), collectively forming a torsion spring, are sized and
configured to provide an interference/compression fit with
the cannula (120) in the fixed configuration.

FI1G. 27B shows a top plan view of depth limiter (810) and
cannula tube (124) of FI1G. 27 A, but with depth limiter (810)
in the fixed configuration that restricts axial movement of
depth limiter (810) relative to cannula tube (124). In the
fixed configuration, gripping surfaces (840, 842) collec-
tively form a first eflective diameter (ED1) that restricts
axial movement of depth limiter (810) relative to cannula
(120) by directly contacting cannula (120). First effective
diameter (ED1) defined by gripping surfaces (840, 842) is
smaller than the outer diameter cannula tube (124) when
biasing features (818, 820) are in the fixed configuration.
The fixed configuration 1s the resting configuration.

Depth limiter (810) may be reusable or disposable. For
example, depth limiter (810) may be 1injection molded for an
inexpensive disposable model. For example, depth limiter
(810) may be formed from a polymeric material (e.g.,
plastic). Alternatively, depth limiter (810) may be metal-
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injection molded for a re-usable model. Additionally, 1n
some versions, depth limiter (810) may be modified for more

cllective stamping, machining, and welding processes. In
some versions, depth limiter (810) may be completely
formed of metal. Depth limiter (810) may provide a high
clamping force depending on torsion spring selection. Addi-
tionally, as shown, depth limiter (810) includes simple

pinch-to-release controls using user contact portions (814,
816).

H. Eighth Exemplary Depth Limiter

FIGS. 29-31B show an eighth exemplary depth limaiter
(910). Particularly, FIG. 29 shows a perspective view of
depth limaiter (910) of a surgical access device, and FIG. 30
shows a partial top sectional view of depth limiter (910) of
FIG. 29 and a cannula (912). As shown 1n FIG. 30, cannula
(912) includes a cannula tube (914) having a first diameter
(D1) configured to be selectively coupled with depth limaiter
(910).

Depth lmmiter (910) may include a housing (916), a
biasing feature (918), and a slidable member (920). Housing
(916) may include opposing upper and lower housing por-
tions (922, 924). Upper and lower housing portions (922,
924) may form a slot (926) configured to receive slidable
member (920). Upper housing portion (922) includes an
aperture (928) that communicates with slot (926). As show,
aperture (928) opens to slot (926) and which may be sized
and configured to receive cannula tube (124). Similarly,
lower housing portion (924) may include an aperture or a
vold (not shown) that opens to slot (926), such that upper
and lower housing portions (922, 924) may receive collec-
tively cannula tube (124) therethrough. Aperture (928) may
extend along a longitudinal axis that 1s transverse to a length
of housing (916). As shown in FIG. 30, housing (916) is
partially removed to expose biasing feature (918), slot (926),
and slidable member (920). While biasing feature (918) is
shown as a single coil spring, a variety of suitable biasing
teatures are envisioned, including the use of multiple biasing
features (918), 11 desired. As shown 1 FIGS. 30 and 31A,
biasing feature (918) 1s disposed at least partially within slot
(926) collectively formed by upper and lower housing
portions (922, 924). For example, biasing feature (918) may
be at least partially housed within a recess (942).

Slidable member (920) may be disposed at least partially
within slot (926). Slidable member (920) includes an aper-
ture (932) extending therethrough. Slidable member (920)
may be movably coupled with biasing feature (918) between
a fixed configuration and a movable configuration. In the
fixed configuration, aperture (928) of upper housing portion
(922) and aperture (932) of slidable member (920) are at
least partially aligned to restrict axial movement of depth
limiter (910) relative to cannula (912). As shown, aperture
(932) of shidable member (920) may include a gripping
surface (934). Gripping surface (934) 1s shown as having a
tapered oblong shape that 1s configured to accommodate
cannulas (120, 912) having different diameters (D1, D2) 1n
the closed and movable configurations. The tapered oblong
interior shape of aperture (932) of slidable member (920)
permits use with various sizes of cannulas (120, 912), such
that tapered oblong shape allows biasing feature (918) (e.g.,
a spring) to close down on gripping surface (934) to accom-
modate different sized cannula tubes (124, 914). In other
words, depth limiter (910) may couple with cannula (120)
having a smaller diameter and cannula (912) having a larger
diameter with a squeeze by the user (U). The squeeze from
the user (U) may also release cannula (120, 912) from depth
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limiter (910) allowing for quick adjustment or removal. As
described above, depth limiter (910) may also be used with
cannula tube (22) of cannula (20), cannula tube (416) of
cannula (412), or other suitable cannulas having a range of
outer diameters.

As shown, a terminal end of slidable member (920)
includes a user contact portion (936). A side of housing
(916) opposite slot (926) acts as a user contact portion (938).
As such, user contact portions (936, 938) are disposed
generally opposite one another, and are configured to be
actuated by the user (U). One or both of user contact portions
(936, 938) may include gripping features that are configured
to enhance the gripping of respective user contact portions
(936, 938) and/or allow the user to locate user contact
portions (936, 938) without visualization.

A least a portion of aperture (928) of upper housing
portion (922) form gripping surfaces (940). Gripping sur-
taces (934, 940) are configured to restrict axial movement of
depth limiter (910) relative to cannula (912) at discrete
regions. Gripping surfaces (934, 940) may extend parallel to
a longitudinal axis defined by cannula tube (124) of cannula
(120). As shown, grnpping surfaces (934, 940) may be
smooth arcuate surface that i1s configured to 1frictionally
engage ribs (not shown) of cannula tube (124) of cannula
(120) 1n the fixed configuration and not frictionally engage
ribs (128) of cannula (120) in the movable configuration.
Alternatively, while not shown, a non-smooth surface may
include one or more features to lockingly engage cannula
tube (124). For example, at least one of gripping surfaces
(934, 940) may include at least one engagement feature (e.g.
teeth) configured to lockingly engage with at least one of rib
(128) of cannula (120) 1n the fixed configuration and not
lockingly engage with rib (128) of cannula (120) 1n the
movable configuration. Gripping surfaces (934, 940) may
nestle onto an outer surface on cannula (120) to increase
retention force. Gripping surfaces (934, 940) form a central
aperture that 1s configured to extend along a central surgical
access device axis (A).

Depth limiter (910) may be movable by the user (U)
between a movable configuration shown in FIG. 31A and a
fixed configuration shown in FIG. 31B. In other words,
depth limiter (910) may be selectively actuated from the
fixed configuration having a first efiective diameter (ED1) to
the movable configuration having a second eflective diam-
cter (ED2) to decouple depth limiter (910) from cannula
tube (124). Additionally, depth limiter (910) may be mov-
able by the user (U) from the movable configuration to the
fixed configuration to couple depth limiter (910) to cannula
tube (124). Particularly, FIG. 31A shows a partial top
sectional view of depth limiter (910) of FIG. 29 coupled
with a cannula tube (124) having a second diameter (ID2)
shown 1n cross-section, where depth limiter (910) 1s 1n the
movable configuration.

In the movable configuration, aperture (930) of upper
housing portion (922) and aperture (932) of slidable member
(920) collectively form second eflective diameter (ED2) that
allows for axial movement of depth limiter (910) relative to
cannula (912). In other words, in the movable configuration
of FIG. 31A, gripping surfaces (934, 940) collectively form
the second eflective diameter (ED2) that allows for axial
movement of depth limiter (910) relative to an outer diam-
cter of cannula tube (124) of cannula (120). In other words,
actuation of user contact portions (936, 938) 1s configured to
respectively cause biasing features (918, 820) to bias grip-
ping surfaces (934, 940) radially outward to selectively
disengage cannula (120) in the movable configuration. As
shown, user contact portions (936, 938) are configured to be
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actuated by the user (U) using thumb and index fingers.
However, the user (U) may depress user contact portions

(936, 938) 1n other ways (e.g., using one or more fingers and
the palm).

FIG. 31B shows a top plan view of depth limiter (910) and
cannula tube (124) of FIG. 31A with cannula tube (124)
shown 1n cross-section, but with depth limiter (910) 1n the
fixed configuration similar to FIG. 30. In the fixed configu-
ration, gripping surfaces (934, 940) collectively form a first
cellective diameter (ED1) that restricts axial movement of
depth limiter (910) relative to cannula (120) by directly
contacting cannula (120). First effective diameter (ED1)
defined by gripping surfaces (934, 940) 1s smaller than the
outer diameter of cannula tube (124) when biasing feature
(918) 1s 1n the fixed configuration. The fixed configuration
may be considered the resting configuration.

Depth limiter (910) may be reusable or disposable. For
example, depth limiter (910) may be 1injection molded for an
inexpensive disposable model. For example, depth limiter
(910) may be formed from a polymeric material (e.g.,
plastic). Alternatively, depth limiter (910) may be metal-
injection molded for a re-usable model. Depth limiter (910)
may sterilized using an autoclave, so that steam may enter
depth limiter (910) or by completely sealing the depth
limiter (910). Additionally, 1n some versions, depth limiter
(910) may be modified for more effective stamping, machin-
ing, and welding processes. In some versions, depth limiter
(910) may be completely formed of metal. Depth limiter
(910) may be made from four components, shown as biasing
feature (918), and slidable member (920), upper housing
portion (922), and lower housing portion (924).

I. Ninth Exemplary Depth Limaiter

FIG. 32 shows a perspective view of a ninth exemplary

depth limater (1010). Depth limiter (1010) includes a hub
(1012) and a plurality of legs (1014). Depth limiter (1010)
may be used 1 combination with depth limiters (210, 310,
410, 510, 610, 710, 810, 910) described above. While hub
(1012) 1s shown as being generally square shaped, other
shapes of hub (1012) are also envisioned. While FIGS.
32-33B describe depth limiter (1010) with reference to
cannula tube (22) of trocar (10) of FIG. 1, cannula tube (124,
416, 616) of cannula (120, 412, 612) may also be used. As
shown, hub (1012) includes an aperture (1016) extending
completely therethrough. Aperture (1016) may include a
oripping surface (1018). Gripping surface (1018) may
extend parallel to a longitudinal axis defined by cannula tube
(22) of cannula (20). Gripping surface (1018) may be
smooth or non-smooth. As shown in FIG. 32, gripping
surface (1018) includes a smooth surface that may friction-
ally engage a portion of cannula (20), such as ribs (26).
Alternatively, gripping surface (1018) may include a non-
smooth surface may include one or more features to lock-
ingly engage cannula tube (22). In other words, depth limiter
(1010) may be secured to cannula (20) with mating threads
(like a nut) or secured to a scalloped cannula with an
appropriate amount of interference fit. Such threads of depth
limiter (1010) may be helical or non-helical (e.g., scallops).
For example, gripping surface (1018) may include at least
one tooth configured to lockingly engage with at least one of
rib (26) of cannula (20).

Legs (1014) may have a generally constant cross-sec-
tional area moving radially away from hub (1012); however,
legs (1014) may have a non-uniform cross-section. For
example, one or more ends of legs (1014) may include
cupped potions (1020) to distribute the downward force. As
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shown, legs (1014) are separated by approximately 90
degrees. More or fewer legs (1014) are also envisioned.

Depth limiter (1010) may provide additional stability to
the trocar (10) for anti-tip resistance. Depth limiter (1010)
may be configured to restrict sudden tilting using legs
(1014), thereby stabilizing cannula (20). Depth limaiter
(1010) 1s configured to prevent accidental over-insertion 1into
body, while also restricting the displacement and/or velocity
of ofl-axis tilting of trocar (10) to stabilize trocar (10, 110).
This stabilization may be achieved using mechanical spring
cllects of each leg (1014). Legs (1014) may have a reduced
mass allowing legs (1014) to flex outwardly, causing a
variable amount of spring-resistance in each direction trocar
(10) attempts to tilt. For example, legs (1014) may have
reduced mass portions (e.g., living hinge portions), and/or
may rely on inherent spring force of legs (1014). Legs
(1014) may contact the patient’s body wall to prevent or at
least decelerate tip over of cannula (20).

FIGS. 33A-33B show depth limiter (1010); however, the
teachings of FIGS. 33A-33B may also apply to depth
limiters (1110, 1210) described 1n detail below. FIG. 33A
shows a partial side sectional view of depth limiter (1010) of
FIG. 32 coupled with cannula tube (22) of cannula assembly
(12) of trocar (10) of FIG. 1, where legs (1014) of depth
limiter (1010) are 1n a non-deployed configuration when
distal end of trocar (10) 1s received within abdominal cavity
(1). In the non-deployed configuration (e.g., the resting
configuration) of FIG. 33A, legs (1014) may be curved
downwardly. As depth limiter (1010) 1s pushed against
abdominal wall (2), legs (1014) bend flatter and provide
reaction spring-forces against abdominal wall (2) and can-
nula (20). The degree at which legs (1014) bend flatter may
be controlled by the user. For example, additional force (e.g.,
downward hand pressure by the user) may cause legs (1014)
to bend flatter until depth limaiter (1010) 1s disposed adjacent
to abdominal wall (2). As the flatness of legs (1014)
increases, the amount of reactive forces on cannula (20) may
also 1increase, which increases the locking force. For
example, when the user has depressed depth limiter (1010)
to a partially (but not fully) deployed configuration, legs
(1014) may have some degree of deployment. Additionally,
if the user then applies an off-axis loading, one or more of
legs (1014) may depress further than the other legs (1014),
but upon removal of the ofl-axis load, legs (1014) may be
equalized and return in a controlled manner to a centered
home position.

FIG. 33B shows a partial side sectional view of depth
limiter (1010) of FIG. 32 coupled with cannula tube (22) of
cannula assembly (12) of FIG. 1 following detachment and
removal of obturator (16), where legs (1014) of depth limiter
(1010) are 1n a deployed configuration with a distal end of
cannula tube (22) received within abdominal cavity (1). In
the deployed configuration, legs (1014) may reduce the
amount of rotational displacement/tilt that trocar (10) may
achieve, and may also reduce the velocity that trocar (10)
may achieve that tilt (1.e., preventing sudden accidental
moves within the body). To completely undeploy depth
limiter (1010) from cannula (12), the user may retract
cannula tube (22) out of abdominal wall (2) to sufliciently
reduce the compressive/clamping forces of depth limaiter
(1010) on the abdominal wall (2), such that the user may pull
the depth limiter (1010) back using their hand. Depth limiter
(1010) may be disposable or re-usable.

J. Tenth Exemplary Depth Limiter

FI1G. 34 shows a tenth exemplary depth limiter (1110) that
1s similar to depth limiter (1010). Depth limiter (1110)
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includes a hub (1112) similar to hub (1012), legs (1114)

similar to legs (1014), an aperture (1116) similar to aperture
(1016), a gripping surface (1118) of aperture (1116) similar
to gripping surface (1018). Legs (1114) may include cupped
portions (1120) similar to cupped portions (1020). Unlike
depth limiter (1010) that 1s shown as including four legs
(1014), depth limiter (1110) includes two legs (1114). For
example, legs (1114) may be separated by approximately

180 degrees. Legs (1114) flex similar to legs (1014) shown
above with reference to FIGS. 33A-33B.

K. Eleventh Exemplary Depth Limaiter

FIG. 35 shows an eleventh exemplary depth limiter

(1210) that 1s similar to depth limiters (1010, 1110). Depth
limiter (1210) includes a hub (1212) similar to hub (1012),
legs (1214) similar to legs (1014), an aperture (1216) similar
to aperture (1016), a gripping surface (1218) of aperture
(1216) similar to gripping surface (1018). Legs (1114) may
include cupped portions (1220) similar to cupped portions
(1020). Unlike depth limiter (1010) that 1s shown as 1includ-
ing four legs (1014), depth limiter (1210) includes three legs
(1214). For example, legs (1214) may be circumierentially
separated uniformly by approximately 120 degrees around
hub (1212). However, legs (1214) may be non-uniformly
separated. In some instances, the use of three or four legs
(1014, 1214, 1314, 1414) may allow for further stability and
ergonomics to allow for finger grip of user (U). Legs (1214)

may tlex similar to legs (1014) shown above with reference
to FIGS. 33A-33B.

L. Twelith Exemplary Depth Limiter

FIGS. 36-38B show a twellth exemplary depth limiter
(1310). Particularly, FIG. 36 shows a perspective view of
depth limiter (1310). As shown, depth limiter (1310)
includes a hub (1312) and a plurality of legs (1314). extend-
ing from hub (1312). Depth limiter (1310) may be used 1n
combination with any one or more of depth limiters (210,
310, 410, 510, 610, 710, 810, 910) described above. While
hub (1312) 1s shown as being generally cylindrically shaped,
other shapes of hub (1312) are also envisioned. As shown,
hub (1312) includes an aperture (1316) and a plurality of
notches (1318). Notches (1318) may transform depth limiter
(1310) from a movable configuration to a fixed configura-
tion.

Aperture (1316) includes a gripping surface (1320) that 1s
configured to couple with the outer surface of cannula tube
(124) 1n the fixed configuration. Gripping surface (1320)
may extend parallel to a longitudinal axis defined by cannula
tube (124) of cannula (120). Gripping surface (1320) may be
smooth or non-smooth. As shown in FIG. 36, gripping
surface (1320) may include a smooth surface that friction-
ally engages ribs (128) of cannula (120) 1n the fixed con-
figuration. Alternatively, gripping surface (1320) may
include a non-smooth surface may include one or more
teatures to lockingly engage cannula tube (124). Hub (1312)
of depth limiter (1310) may be secured to cannula (120) with
mating threads (like a nut) or may be secured to a scalloped
cannula using an interference fit. Threads may be helical or
non-helical (e.g., scallops). For example, gripping surface
(1320) may include at least one tooth configured to lock-
ingly engage with at least one of rib (128) of cannula (120).

For example, notches (1318) may be formed in hub (1312)
of depth lmmiter (1310), such that each leg (1314) may
selectively collapse when adequate force acts on that leg
(1314), causing gripping surface (1320) to clamp down
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tighter on cannula (120). As such, depth limiter (1310) may
limit insertion depth of cannula tube (124) of cannula (120)

and provide stability control of cannula tube (124) of
cannula (120).

Legs (1314) may have a generally tapering cross-section
moving radially away from hub (1312). For example, one or
more ends of legs (1314) may include distal pad (1322) to
distribute the downward force. As shown, legs (1314) are
separated by approximately 90 degrees. Legs (1314) may be
non-uniformly separated. Additionally, more or fewer legs
(1314) are also envisioned (similar to those shown 1n FIGS.
34-35 associated with depth limaters (1110, 1210). Depth
limiter (1310) may provide additional stability to the trocar
(110) for anti-tip resistance. Depth limiter (1310) may be
configured to restrict sudden tilting using legs (1314),
thereby stabilizing cannula (120). Legs (1314) may contact
body wall to prevent or at least decelerate tip over of cannula
(120). While FIGS. 37A-38B describe depth limiter (1310)
with reference to cannula tube (124) of trocar (110), cannula
tube (22, 416, 616) of cannula (20, 412, 612) may also be
used.

FIGS. 37A and 38A show depth limiter (1310) in the
movable configuration. Particularly, FIG. 37A shows a top
plan view of depth limiter (1310) of FIG. 36 coupled with
cannula tube (124) of cannula assembly (112) of FIG. 5,
where hub (1312) of depth limiter (1310) 1s 1n a movable
configuration. FIG. 38A shows a partial side sectional view
of depth limiter (1310) of FIG. 36 coupled with cannula tube
(124) of cannula assembly (112) of FIG. 5, where legs
(1314) of depth limiter (1310) are 1n the movable configu-
ration. In the movable configuration of FIGS. 37A and 38A,
gripping surface (1320) forms a second eflective diameter
(ED2) that allows for axial movement of depth limiter
(1310) relative to an outer diameter of cannula tube (124) of
cannula (112). In the movable configuration, also considered
the resting configuration, legs (1314) are curved down-
wardly. Once pushed against abdominal wall (2), legs (1314)
bend flatter and provide a reaction force against abdominal
wall (2) and cannula (120).

FIGS. 37B and 38B show depth limiter (1310) 1n the fixed
configuration.

Particularly, FIG. 37B shows a partial side sectional view
of depth limiter (1310) of FIG. 36 coupled with cannula tube

(124) of cannula assembly (112) of FIG. 5 following detach-
ment and removal of obturator (116), where legs (1314) of
depth limiter (1310) are 1n the fixed configuration. FIG. 38B
shows a partial side sectional view of depth limiter (1310) of
FIG. 36 coupled with cannula tube (124) of cannula assem-
bly (112) of FIG. 5 following detachment and removal of
obturator (116), where legs (1314) of depth limiter (1310)
are 1n the fixed configuration. In the fixed configuration,
notches (1318) may be forced closed to narrow aperture
(1316). Legs (1314) may reduce the amount of rotational
displacement/tilt that trocar (110) may exhibit, and may also
reduce the velocity at which trocar (110) may assume that tilt
(1.e., preventing sudden movements within the body). In the
fixed configuration, gripping surfaces (1320) collectively
form a first eflective diameter (ED1) that restricts axial
movement of depth limiter (1310) relative to cannula (120)
by directly contacting cannula (120). Depth limiter (1310)
may be disposable or reusable.

M. Thirteenth Exemplary Depth Limiter

FIG. 39 shows a top sectional view of a thirteenth
exemplary depth limiter (1410). Depth limiter (1410)
includes a hub (1412) and a plurality of legs (1414) extend-
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ing from hub (1412). Depth limiter (1410) may be used 1n
combination with any one or more of depth limiters (210,

310, 410, 510, 610, 710, 810, 910) described above. In some
versions, hub (1412) may being generally cylindrically
shaped. As shown, hub (1412) includes an aperture (1416)
configured to recerve cannula tube (124) of cannula (120).
As shown, legs (1414) may be separated by approximately
90 degrees. However, legs (1414) may be non-uniformly
separated. Additionally, more or fewer legs (1414) are also
envisioned, similar to depth limiters (1110, 1210) shown 1n
FIGS. 34-35.

Depth limiter (1410) includes a fluid chamber (1418) that
may be disposed within hub (1412) and legs (1414). For
example, flmd chamber (1418) may be completely enclosed
by hub (1412) and legs (1414). Fluid chamber may include
a plurality of fluid passageways (1420) that include narrow
portions (1422). Narrow portions (1422) may be disposed
generally between hub (1412) and legs (1414). Narrow
portions (1422) regulate tlow between hub (1412) and legs
(1414). In other words, flud chamber (1418) may be 1nte-
grated into legs (1414) with narrow portions (1422) forming
restricted areas of flow at the base of each leg (1414). As
shown, one or more ends of legs (1414) may include
extensive portion (1424) configured to extend from a com-
pressed configuration (C) to an expanded configuration (E).
Depth limiter (1410) may provide additional stability to the
trocar (110) for anti-tip resistance. As additional tilt force
acts on each independent leg (1414), the fluid may redis-
tribute to the other legs (1414), but the fluuid may be
restricted by these restricted areas (1422), thus creating a
damping eflect on the tilting of trocar (110). This damping
cllect may regulate the speed at which trocar (110) talts. As
a result, depth limiter (1410) may restrict sudden tilting of
trocar (110) via restricted fluid flow between legs (1414),
thereby stabilizing cannula (120).

Aperture (1416) includes a gripping surface (1426) that
may couple with the outer surface of cannula tube (124) of
cannula (120). Gripping surface (1426) may extend parallel
to a longitudinal axis defined by cannula tube (124) of
cannula (120). Gripping surface (1426) may be smooth or
non-smooth. As shown 1 FIG. 39, gripping surface (1426)
may include a smooth surface that frictionally engages ribs
(128) of cannula (120). Alternatively, gripping surface
(1426) may include a non-smooth surface may include one
or more features to lockingly engage cannula tube (124). For
example, hub (1412) of depth limiter (1410) may be secured
to cannula (120) using mating threads (like a nut) or secured
to a scalloped cannula. Threads may be helical or non-
helical (e.g., scallops). For example, gripping surface (1426)
may 1include at least one tooth configured to lockingly
engage with at least one of rib (128) of cannula (120). Depth
limiter (1410) may be disposable.

N.

Exemplary Method

A method of inserting a surgical access device (e.g., trocar
10, 110) through a body wall (e.g., abdominal wall (2)) of a
patient 1s also described. Trocar (10, 110) includes a cannula
(20, 120, 412, 612, 912), an obturator (16, 116), and one or
more of depth limiters (210, 310, 410, 510, 610, 710, 810,
910, 1010, 1110, 1210, 1310, 1410).

The method includes coupling depth limiter (210, 310,
410, 510, 610, 710, 810,910, 1010, 1110, 1210, 1310, 1410)
with cannula tube (22, 124, 416, 616) of cannula (20, 120,
412, 612). This coupling may be obtained by the user (U)
actuating user contact portions (224, 232, 320, 322, 434,
436,534, 536, 622, 624, 714,716, 814, 816,936, 938) which
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causes the resilient portion including gripping surface (256,
258, 370, 374, 458, 462, 558, 562, 654, 656, 738, 746, 840,

842,934,940, 1018, 1118, 1218, 1320, 1426) to move from

the fixed configuration to the movable configuration.

In the fixed configuration, gripping surfaces (256, 258,
370, 374, 458, 462, 558, 562, 654, 656, 738, 746, 840, 842,
934, 940, 1320) may collectively form a first eflective
diameter (ED1) that restricts axial movement of depth
limiter (210, 310, 410, 510, 610, 710, 810, 910, 1310)
relative to cannula (20, 120, 412, 612) by directly contacting,
cannula (20, 120, 412, 612). In the movable configuration,
gripping surfaces (256, 258, 370, 374, 458, 462, 558, 562,
654, 656, 738, 746, 840, 842, 934, 940, 1320) collectwely
form a second eflective diameter (ED2) that allows for axial
movement of depth limaiter (210, 310, 410, 510, 610, 710,
810, 910, 1310) relative to cannula (20, 120, 412, 612, 912).

The method also includes inserting a least a portion of
cannula tube (22, 124, 416, 616, 914) of cannula (20, 120,
412, 612, 912) into the patient. Depth limiters (210, 310,
410, 510, 610, 710, 810,910, 1010, 1110, 1210, 1310, 1410)
may be moved along cannula (20, 120, 412) once cannula
(20, 120, 412) 1s within the body by user again actuating user
contact portion (224, 232, 320, 322, 434,436, 534, 536, 622,
624,714,716, 814, 816,936, 938) which causes the resilient
portion including gripping surface (256, 238, 370, 374, 458,
462, 558, 562, 654, 656, 738, 746, 840, 842, 934, 940, 1018,
1118, 1218, 1320, 1426) to move from the fixed configura-

tion to the movable configuration.

III. Exemplary Combinations

The following examples relate to various non-exhaustive
ways 1n which the teachings herein may be combined or
applied. It should be understood that the following examples
are not intended to restrict the coverage of any claims that
may be presented at any time in this application or in
subsequent filings of this application. No disclaimer 1s
intended. The following examples are being provided for
nothing more than merely 1illustrative purposes. It 1s con-
templated that the various teachings herein may be arranged
and applied in numerous other ways. It 1s also contemplated
that some variations may omit certain features referred to in
the below examples. Therefore, none of the aspects or
teatures referred to below should be deemed critical unless
otherwise explicitly indicated as such at a later date by the
inventors or by a successor in interest to the mventors. IT any
claims are presented in this application or 1 subsequent
filings related to this application that include additional
teatures beyond those referred to below, those additional
teatures shall not be presumed to have been added for any
reason relating to patentability.

Example 1

A depth limiter configured to couple with a cannula of a
surgical access device, the depth limiter comprising: (a) first
and second user contact portions configured to be actuated
by a user; (b) a first biasing feature comprising: (1) a first
resilient portion, and (11) a first gripping surface, wherein the
first gripping surface 1s movably coupled with the first
resilient portion, wherein the first resilient portion 1s con-
figured to move the first gripping surface from a fixed
confliguration to a movable configuration when the first user
contact portion 1s actuated by the user; and (c¢) a second
biasing feature comprising: (1) a second resilient portion,
and (1) a second gripping surface, wheremn the second
oripping surface 1s movably coupled with the second resil-
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ient portion, wherein the second resilient portion 1s config-
ured to move the second gripping surface from the fixed
configuration to the movable configuration when the second
user contact portion 1s actuated by the user, wherein 1n the
fixed configuration, the first and second gripping surfaces
collectively form a first eflective diameter that 1s configured
to restrict axial movement of the depth limiter relative to the
cannula by directly contacting the cannula, and wherein 1n
the movable configuration, the first and second gripping
surfaces extend parallel to a longitudinal axis defined by the
cannula and collectively form a second effective diameter
that 1s configured to allow for axial movement of the depth
limiter relative to the cannula.

Example 2

The depth limiter of Example 1, wherein the first resilient
portion 1s atlixed to the first gripping surface, wherein the
second resilient portion 1s afhxed to the second gripping
surface.

Example 3

The depth limiter of any of the preceding Examples,
wherein the first resilient portion 1s integrally formed

together as a unitary piece together with the first gripping
surface, wherein the second resilient portion 1s integrally
formed together as a unitary piece together with the second
gripping suriace.

Example 4

The depth limiter of any of the preceding Examples,
wherein the first gripping surface 1s radially ofiset from the
first user contact portion by approximately 90 degrees,
wherein the second gripping surface 1s radially offset from
the second user contact portion by approximately 90
degrees.

Example 5

The depth limiter of any of the preceding Examples,
wherein the first and second gripping surfaces do not com-
pletely surround the cannula 1n either the fixed configuration
or the movable configuration.

Example 6

The depth limiter of any of the preceding Examples,
wherein the first gripping surface 1s configured to contact the
cannula at a first discrete region, wherein the second grip-
ping surface 1s configured to contact the cannula at a second
discrete region that 1s spaced from the first discrete region.

Example 7

The depth limiter of any of the preceding Examples,
wherein the first and second gripping surfaces are disposed
circumierentially opposite one another and are configured to
directly contact circumierentially opposite sides of the can-
nula in the fixed configuration.

Example 8

The depth limiter of any of the preceding Examples,
wherein the first and second gripping surfaces are spaced
apart from one another in both of the fixed and movable
configurations.
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Example 9

The depth lmmiter of any of the preceding Examples,
wherein the cannula includes a plurality of tissue gripping
features, wherein at least one of the first and second gripping
surfaces 1ncludes a smooth surface that 1s configured to
frictionally engage the tissue gripping features of the can-
nula 1n the fixed configuration and not frictionally engage
the tissue gripping features of the cannula 1n the movable
configuration.

Example 10

The depth limiter of any one or more of Examples 1
through 8, wherein the cannula 1includes a plurality of tissue
gripping features, wherein at least one of the first and second
gripping surfaces includes at least one engagement feature
configured to lockingly engage with at least one of the tissue
gripping features of the cannula in the fixed configuration

and not lockingly engage with the tissue gripping features of
the cannula 1n the movable configuration.

Example 11

The depth limiter of any one or more of Examples 1
through 8, wherein the cannula 1includes a plurality of tissue
gripping features, wherein at least one of the first and second
oripping surfaces includes a plurality of engagement fea-
tures configured to lockingly engage with the tissue gripping,
features of the cannula in the fixed configuration and not
lockingly engage with the tissue gripping features of the
cannula in the movable configuration.

Example 12

The depth lmmiter of any of the preceding Examples,
wherein the first resilient portion includes first and second
biasing arms that are disposed opposite one another, wherein
the second resilient portion includes first and second biasing
arms that are disposed opposite one another.

Example 13

The depth limiter of any of the preceding Examples,
wherein the first and second user contact portions that are
disposed circumierentially opposite one another.

Example 14

The depth lmmiter of any of the preceding Examples,
wherein the depth limiter i1s integrally formed together as a
unitary piece.

Example 15

The depth lmmiter of any of the preceding Examples,
turther comprising a housing that surrounds the at least one
biasing feature while exposing the first and second user
contact portions.

Example 16

A depth limiter configured to couple with a cannula of a
surgical access device, the depth limiter comprising: (a) a
housing comprising: (1) a slot, and (11) an aperture extending,
through the housing, wherein the aperture communicates
with the slot, wherein the aperture extends along a longitu-
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dinal axis; (b) a biasing feature disposed at least partially
within the slot; and (¢) a slidable member disposed at least
partially within the slot, wherein the slidable member
includes an aperture extending therethrough, wherein the
slidable member 1s movably coupled with the biasing feature
between a fixed configuration and a movable configuration,
wherein in the fixed configuration, the apertures of the
housing and the slidable member are at least partially
aligned to collectively form a first eflective diameter such
that the slidable member and the housing are configured to
restrict axial movement of the depth limiter relative to the
cannula, wherein in the movable configuration, the apertures
of the housing and the slidable member collectively form a
second effective diameter such that the slidable member and
the housing are configured to allow for axial movement of
the depth limiter relative to the cannula.

Example 17

The depth limiter of Example 16, wherein the aperture of
the slidable member has an oblong shape that 1s configured
to accommodate cannulas having different diameters in both
the fixed and movable configurations.

Example 18

A surgical access device assembly comprising: (a) a
cannula, wherein the cannula includes a working channel
configured to guide a surgical instrument along a central axis
of the cannula; and (b) a depth limiter comprising: (1) first
and second user contact portions configured to be actuated
by a user; (11) a first biasing feature comprising: (A) a first
resilient portion, and (B) a first gripping surface, wherein the
first gripping surface 1s movably coupled with the first
resilient portion, wherein the first resilient portion 1s con-
figured to move the first gripping surface from a fixed
configuration to a movable configuration when the first user
contact portion 1s actuated by the user; and (111) a second
biasing feature comprising: (A) a second resilient portion,
and (B) a second grnipping surface, wherein the second
gripping surface 1s movably coupled with the second resil-
ient portion, wherein the second resilient portion 1s config-
ured to move the second gripping surface from the fixed
configuration to the movable configuration when the second
user contact portion 1s actuated by the user, wherein 1n the
fixed configuration, the first and second gripping surfaces
collectively form a first effective diameter that 1s configured
to restrict axial movement of the depth limaiter relative to the
cannula by directly contacting the cannula, and wherein 1n
the movable configuration, the first and second gripping
surfaces extend parallel to a longitudinal axis defined by the
cannula and collectively form a second effective diameter
that 1s configured to allow for axial movement of the depth
limiter relative to the cannula.

Example 19

The surgical access device assembly of Example 18,
wherein the resilient portion 1s integrally formed together as
a unitary piece together with the first and second gripping
surtaces.

Example 20

The surgical access device assembly of any one or more
of Examples 18 through 19, further comprising an obturator,
wherein the obturator 1s configured to removably couple
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with the cannula along the central axis to facilitate insertion
of the surgical access device through a body wall of the
patient.

IV. Miscellaneous

It should be understood that any one or more of the
teachings, expressions, embodiments, examples, efc.
described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples,
etc. that are described herein. The above-described teach-

ings, expressions, embodiments, examples, etc. should
therefore not be viewed 1n 1solation relative to each other.
Various suitable ways in which the teachings herein may be
combined will be readily apparent to those of ordinary skill
in the art 1n view of the teachings herein. Such modifications
and variations are mtended to be included within the scope
of the claims.

Furthermore, any one or more of the teachings herein may
be combined with any one or more of the teachings disclosed
in U.S. Pat. App. No. 17/213,304, entitled “Multi-Diameter
Cannula Depth Limaiter,” filed on even date herewith, pub-
lished as U.S. Pub. No. 2021/0338281 on Nov. 4, 2021; U.S.

Pat. App. No. 17/213,401, entitled “Pinch-To-Clamp Can-
nula Depth Limiter,” filed on even date herewith, published
as U.S. Pub. No. 2021/0338273 on Nov. 4, 2021; U.S. Pat.
App. No. 17/213,409, entitled “Universal Size Multi-Walled
Elastomer Cannula Depth Limiter,” filed on even date
herewith, published as U.S. Pub. No. 2021/0338282 on Nov.
4, 2021; U.S. Pat. App. No. 17/213,415, entitled “Threaded
Cannula Depth Limater,” filed on even date herewith, pub-
lished as U.S. Pub No. 2021/0338274 on Nowv. 4, 2021; U.S.
Pat. App. No. 17/213,426, entitled “Tilting Tang Cannula
Depth Limiter,” filed on even date herewith, published as
U.S. Pub. No. 2021/0338283 on Nov. 4, 2021; U.S. Pat. App.
No. 17/213,431, entitled *“ITwo Piece Separable Obturator,”
filed on even date herewith, published as U.S. Pub. No.
2021/0338275 on Nov. 4, 2021; U.S. Pat. App. No. 17/213,
434, entitled “Latchless Obturator with Interference Fit
Feature,” filed on even date herewith, published as U.S. Pub.
No. 2021/0338269 on Nov. 4, 2021; U.S. Pat. App. No.
17/213,437, entitled “Balancing Feature for Reusable Tro-
car,” filed on even date herewith, 1ssued as U.S. Pat. No.
11,559,329 on Jan. 24, 2023; U.S. Pat. App. No. 17/213,508,
entitled “Airflow Channels and Patterns in Lumen for Can-
nula,” filed on even date herewith, published as U.S. Pub.
No. 2021/0338278 on Nov. 4, 2021; and/or U.S. Pat. App.
No. 17/213,518, entitled “Stabilizer for Surgical Shafts or
Cannulas,” filed on even date herewith, published as U.S.
Pub. No. 2021/0338371 on Nov. 4, 2021. The disclosure of
cach of these patent applications 1s incorporated by refer-
ence herein.

It should be appreciated that any patent, publication, or
other disclosure material, in whole or 1n part, that 1s said to
be 1ncorporated by reference herein 1s imncorporated herein
only to the extent that the incorporated material does not
contlict with existing definitions, statements, or other dis-
closure material set forth 1n this disclosure. As such, and to
the extent necessary, the disclosure as explicitly set forth
herein supersedes any conflicting material 1ncorporated
herein by reference. Any material, or portion thereot, that 1s
saild to be incorporated by reference herein, but which
conilicts with existing definitions, statements, or other dis-
closure material set forth herein will only be incorporated to
the extent that no contlict arises between that incorporated

material and the existing disclosure matenal.
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Versions of the devices described above may have appli-
cation 1 conventional medical treatments and procedures
conducted by a medical professional, as well as application
in robotic-assisted medical treatments and procedures. By
way of example only, various teachings herein may be
readily incorporated nto a robotic surgical system such as
the DAVINCI™ sgsystem by Intuitive Surgical, Inc., of
Sunnyvale, Calif. Similarly, those of ordinary skill 1n the art
will recognize that various teachings herein may be readily
combined with various teachings of any of the following:
U.S. Pat. No. 5,792,135, entitled “Articulated Surgical
Instrument For Performing Minimally Invasive Surgery
With Enhanced Dexterity and Sensitivity,” issued Aug. 11,
1998, the disclosure of which 1s incorporated by reference
herein; U.S. Pat. No. 8,783,541, entitled “Robotically-Con-
trolled Surgical End Effector System,” 1ssued Jul. 22, 2014,
the disclosure of which 1s incorporated by reference herein;
U.S. Pat. No. 8,479,969, entitled “Drive Interface for Oper-
ably Coupling a Manipulatable Surgical Tool to a Robot,”
issued Jul. 9, 2013; U.S. Pat. No. 8,800,838, entitled
“Robotically- Controlled Cable-Based Surgleal Jnd Effec-
tors,” 1ssued Aug. 12, 2014, the disclosure of which 1s
incorporated by reference herelrl and/or U.S. Pat. No.
8,573,465, entitled “Robotically-Controlled Surgical End
Effector System with Rotary Actuated Closure Systems,”
1ssued Nov. 5, 2013, the disclosure of which 1s incorporated
by reference herein.

Versions of the devices described above may be designed
to be disposed of aifter a single use, or they can be designed
to be used multiple times. Versions may, in either or both
cases, be reconditioned for reuse after at least one use.
Reconditioning may include any combination of the steps of
disassembly of the device, followed by cleaning or replace-
ment of particular pieces, and subsequent reassembly. In
particular, some versions of the device may be disassembled,
and any number of the particular pieces or parts of the device
may be selectively replaced or removed 1n any combination.
Upon cleaning and/or replacement of particular parts, some
versions of the device may be reassembled for subsequent
use etther at a reconditioning facility, or by a user immedi-
ately prior to a procedure. Those skilled in the art will
appreciate that reconditioning of a device may utilize a
variety of techniques for disassembly, cleaning/replacement,
and reassembly. Use of such techniques, and the resulting
reconditioned device, are all within the scope of the present
application.

By way of example only, versions described herein may
be sterilized before and/or after a procedure. In one steril-
1zation technique, the device 1s placed 1n a closed and sealed
container, such as a plastic or TYVEK bag. The container
and device may then be placed 1n a field of radiation that can
penetrate the container, such as gamma radiation, x-rays, or
high-energy electrons. The radiation may kill bacteria on the
device and 1n the container. The sterilized device may then
be stored 1n the sterile container for later use. A device may
also be sterilized using any other technique known 1n the art,
including but not limited to beta or gamma radiation, eth-
ylene oxide, or steam.

Having shown and described various embodiments of the
present invention, further adaptations of the methods and
systems described herein may be accomplished by appro-
priate modifications by one of ordinary skill in the art
without departing from the scope of the present invention.
Several of such potential modifications have been men-
tioned, and others will be apparent to those skilled 1n the art.
For mstance, the examples, embodiments, geometrics, mate-
rials, dimensions, ratios, steps, and the like discussed above
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are illustrative and are not required. Accordingly, the scope
of the present invention should be considered in terms of the
following claims and 1s understood not to be limited to the
details of structure and operation shown and described 1n the
specification and drawings.

We claim:

1. A depth limiter configured to couple with a cannula of
a surgical access device, the depth limiter comprising:

(a) first and second user contact portions configured to be

actuated by a user;

(b) a first biasing feature comprising:

(1) a first resilient portion, and

(11) a first gripping surface, wherein the first gripping
surface 1s radially offset from the first user contact
portion by approximately 180 degrees, wherein the
first gripping surface 1s movably coupled with the
first resilient portion, wherein the first resilient por-
tion 1s configured to move the first gripping surface
from a fixed configuration to a movable configura-
tion when the first user contact portion 1s actuated by
the user; and

(c) a second biasing feature comprising:

(1) a second resilient portion, and

(11) a second gripping surface, wherein the second
gripping surface 1s movably coupled with the second
resilient portion, wherein the second resilient portion
1s configured to move the second gripping surface
from the fixed configuration to the movable configu-
ration when the second user contact portion 1s actu-
ated by the user,

wherein 1n the fixed configuration, the first and second

gripping surfaces collectively form a first eflective
diameter that 1s configured to restrict axial movement
of the depth limiter relative to the cannula by directly
contacting the cannula, and

wherein in the movable configuration, the first and second

gripping surfaces extend parallel to a longitudinal axis
defined by the cannula and collectively form a second
cllective diameter that 1s configured to allow for axial
movement of the depth limiter relative to the cannula.

2. The depth limiter of claim 1, wherein the first resilient
portion 1s integrally formed together as a unitary piece
together with the first gripping surface, wherein the second
resilient portion 1s integrally formed together as a unitary
piece together with the second gripping surface.

3. The depth limiter of claim 1, wheremn the first and
second gripping surfaces do not completely surround the
cannula 1n either the fixed configuration or the movable
configuration.

4. The depth limiter of claim 1, wherein the first gripping
surface 1s configured to contact the cannula at a first discrete
region, wherein the second gripping surface 1s configured to
contact the cannula at a second discrete region that 1s spaced
from the first discrete region.

5. The depth limiter of claim 1, wherein the first and
second gripping surfaces are spaced apart from one another
in both of the fixed and movable configurations.

6. The depth limiter of claim 1, wherein the cannula
includes a plurality of tissue gripping features, wherein at
least one of the first and second gripping surfaces includes
a smooth surface that 1s configured to frictionally engage the
tissue gripping features of the cannula in the fixed configu-
ration and not frictionally engage the tissue gripping features
of the cannula in the movable configuration.

7. The depth limiter of claim 1, wherein the cannula
includes a plurality of tissue gripping features, wherein at
least one of the first and second gripping surfaces includes
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at least one engagement feature configured to lockingly
engage with at least one of the tissue gripping features of the
cannula 1n the fixed configuration and not lockingly engage
with the tissue gripping features of the cannula 1n the
movable configuration.

8. The depth limiter of claim 1, wherein the first resilient
portion includes first and second biasing arms that are
disposed opposite one another, wherein the second resilient
portion includes first and second biasing arms that are

disposed opposite one another.

9. The depth limiter of claim 1, further comprising a
housing that surrounds the first and second resilient portions
while exposing the first and second user contact portions.

10. The depth limiter of claim 1, wheremn the second
ogripping surface i1s radially offset from the second user
contact portion by approximately 180 degrees.

11. A surgical access device assembly comprising:

(a) a cannula, wherein the cannula includes a proximal
hub and a cannula tube extending distally from the
proximal hub, wherein the cannula defines a working
channel configured to guide a surgical instrument along
a central axis of the cannula; and

(b) a depth limiter comprising:

(1) first and second user contact portions configured to
be actuated by a user;
(1) a first biasing feature comprising:
(A) a first resilient portion, and
(B) a first gripping surface, wherein the first gripping
surface 1s movably coupled with the first resilient
portion, wherein the first gripping surface 1s radi-
ally offset from the first user contact portion by
approximately 180 degrees, wherein the first resil-
ient portion 1s configured to move the first grip-
ping surface from a fixed configuration to a mov-
able configuration when the first user contact
portion 1s actuated by the user; and
(111) a second biasing feature comprising:
(A) a second resilient portion, and
(B) a second gripping surface, wherein the second
oripping surface 1s movably coupled with the
second resilient portion, wherein the second resil-
ient portion 1s configured to move the second
oripping surface from the fixed configuration to
the movable configuration when the second user
contact portion 1s actuated by the user,
wherein in the fixed configuration, the first and second
gripping surfaces collectively form a first eflective
diameter that 1s configured to restrict axial move-
ment of the depth limiter relative to the cannula tube
by directly contacting the cannula tube, and
wherein 1n the movable configuration, the first and
second gripping surfaces extend parallel to the cen-
tral axis defined by the cannula and collectively form
a second eflective diameter that 1s configured to
allow for axial movement of the depth limiter rela-
tive to the cannula.

12. The surgical access device assembly of claim 11,
further comprising an obturator, wherein the obturator is
configured to removably couple with the cannula along the
central axis to facilitate insertion of the surgical access
device through a body wall of the patient.

13. The surgical access device assembly of claim 11,
wherein cannula tube defines circumierentially opposite first
and second sides, wherein the first user contact portion and
the second gripping surface 1s disposed on the first side of
the cannula tube.
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14. The surgical access device assembly of claim 13,
wherein the second user contact portion and the first grip-
ping surface 1s disposed on the second side of the cannula
tube.

15. The surgical access device assembly of claim 11,
wherein the cannula tube defines a diameter, wherein the

proximal hub defines a mimimum diameter that 1s greater
than the diameter of the cannula tube.

16. A depth limiter configured to couple with a cannula of
a surgical access device, the depth limiter comprising:

(a) a first biasing feature configured to completely cir-
cumierentially surround a diameter of the cannula, the
second biasing feature comprising:

(1) a first user contact portion configured to be actuated
by a user,

(1) a first resilient portion, and

(111) a first gripping surface, wherein the first gripping
surface 1s movably coupled with the first resilient
portion, wherein the first resilient portion 1s config-
ured to move the first gripping surface from a fixed
configuration to a movable configuration when the
first user contact portion 1s actuated by the user; and

(b) a second biasing feature configured to completely
circumierentially surround the diameter of the cannula,
the second biasing feature comprising:

(1) a second user contact portion configured to be
actuated by a user,

(11) a second resilient portion, and

(111) a second grnipping surface, wherein the second
gripping surface 1s movably coupled with the second
resilient portion, wherein the second resilient portion
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1s configured to move the second gripping surtace
from the fixed configuration to the movable configu-
ration when the second user contact portion 1s actu-
ated by the user,

wherein in the fixed configuration, the first and second
gripping surfaces collectively form a first effective
diameter that 1s configured to restrict axial move-
ment of the depth limiter relative to the cannula by
directly contacting the cannula, and

wherein 1n the movable configuration, the first and
second gripping surfaces extend parallel to a longi-
tudinal axis defined by the cannula and collectively
form a second eflective diameter that 1s configured to
allow for axial movement of the depth limiter rela-
tive to the cannula.

17. The depth limiter of claim 16, wherein first gripping
surface disposed radially mward from the second user
contact portion of the second biasing feature, wherein the
second gripping surface disposed radially mnward from the
first user contact portion of the first biasing feature.

18. The depth limiter of claim 16, wherein the second
biasing feature 1s entirely separate from the first biasing
feature.

19. The depth limiter of claim 16, wherein the first
resilient portion includes opposing first and second biasing
arms that each connect the first user contact portion with the
first gripping surtace.

20. The depth limiter of claim 16, wherein the first
resilient portion includes first and second bent back portions
that are coupled with the first gripping surface.
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